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THE HISTORY OF MITRAL STENOSIS 
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HUMPHRY ROLLESTON 
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The early observations on mitral stenosis were largely made in France and 
Britain, and in the past its clinical diagnosis was probably more discussed than 
that of any other form of valvular disease of the heart. 

As the study of morbid anatomy is much older than the practice of auscult- 
ation, the lesion of mitral stenosis was described more than a hundred and fifty 
years before its clinical recognition received the help of auscultation. Extreme 
constriction of the mitral orifice in a young man was recorded in 1668 by John 
Mayow (1640-1679), an Oxford physiologist contemporary with Richard Lower 
(1631-1691), whose Tractatus de corde appeared in 1669. The morbid change 
in a case was more fully reported in 1715 by another contemporary, Raymond 
de Vieussens (1641-1715) of Montpellier, with an illustration of the mitral valve, 
reproduced in Major’s Classic Descriptions of Disease. Morgagni (1682-1771) 
also recorded the lesion in 1761, under the title “* ossification of the mitral valve.” 


PHYSICAL SIGNS 


In 1806 J. N. Corvisart (1755-1821), called by Andral “* the Morgagni of 
France,” and in 1819 his pupil R. H. T. Laennec (1781-1826) began the descrip- 
tion of the physical signs of mitral obstruction which, following Morgagni, 
they designated as ossification or calcification of the mitral valve. Corvisart 
gave an account of the rustling or thrill palpable over the heart as characteristic 
of the lesion and ascribed it to obstruction to the passage of the blood from the 
lungs and left auricle through the narrowed mitral orifice. 


Number cliv of his aphorisms, collected by his pupil Mérat (1780-1851), but 
not published until 1929, is to the effect that on placing the hand over the pre- 
cordia a thrill is felt, which resembles that experienced by the hand while stroking a 
cat. The aphorisms were translated into English in 1939 by McDonald. 


Laennec is sometimes referred to as the original describer of this sign ; 
probably because in 1819 he employed the term /rémissement cataire ; he, 
however, stated that Corvisart was the first to make this observation. 

Allan Burns (1781-1813), anatomical and surgical lecturer in Glasgow, in 
1809, in a report of one of three cases of mitral stenosis confirmed at necropsy, 
wrote : “there was a jarring when the ventricles contracted ; and when the 
hand was laid on the side, it resembled the feel of a varicose aneurism . . . he 
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had unusual palpitation, jarring sensation, and a hissing noise, as of several 
currents meeting ; the sound was often audible as in varicose aneurism.” 
These signs were, however, ascribed to mitral regurgitation, and he went on “* in 
all probability, it is something of this kind which is described as audible palpit- 
ation in some diseases of the heart.”” It thus appears that he recognized the thrill 
and also seems to have realized the mechanism (fluid vein) of a cardiac murmur. 
No reference is made to Corvisart’s description of the thrill, and on account of 
the Napoleonic wars it is probable that he had not any opportunity of seeing 
Corvisart’s essay. Robert Adams (1791-1875), Regius Professor of Surgery 
in the University of Dublin and author of an outstanding work on chronic 
arthritis (1857), recognized, apparently independently, this thrill in 1827. 

The auscultatory signs of mitral stenosis have been a somewhat confusing 
battlefield of opinion. Corvisart in his aphorisms did not mention a murmur. 
Laennec and his followers, who attached more importance to obstruction than 
to incompetence of the valves in the causation of murmurs, believed that the 
passage of blood through a narrowed mitral orifice produced a direct, not a 
regurgitant, murmur, either a soft bellows (bruit de soufflet) or less often a rough 
rasping (bruit de scie ou de r4pe) murmur. What Laennec did not do was to 
fix the exact point in the cardiac cycle at which this took place. 


In February 1819 he examined a boy, aged 16 years, with a thrill and accom- 
panying murmur, both ascribed to the prolonged contraction of the left auricle, 
the murmur being “ dull but strong, exactly like that produced by the stroke of a 
file on wood.” 


Andral (1797-1876) in his annotated edition (1837) of Laennec’s Traité de 
l’auscultation médiate drew a practical distinction in the significance of the bruit 
de rape, which was evidence of organic obstruction, and of the bellows murmur. 
In a note on the history of valvular diseases of the heart Sir Samuel Wilks (1824— 
1911) in 1871 pointed out how remarkable it was that this simple view, closely 
resembling that of more recent times, should so soon have been abandoned in 
favour of its regurgitant nature ; he suggested that this may have been because 
Laennec and others erroneously considered that the second sound of the heart 
was due to the auricular systole, and that when the true nature of the second 
sound was discovered, physicians, instead of “simply correcting the fault, 
swept away the whole idea of this direct mitral murmur. At least, this is what, 
for the most part, occurred, and the teaching of the schools was that all mitral 
and apex bruits were of a regurgitant nature. ... It is a recent revival to 
speak of direct mitral bruits.”” Laennec had attributed the first sound of the 
heart to the ventricular systole and the second sound to the auricular systole. 
That the second sound was due to the closure of the sigmoid valves and not to 
the contraction of the auricles was shown by J. W. Turner (1790-1836) of 
Edinburgh in 1829, and by the experimental work between 1830 and 1836 of 
James Hope (1801-1841) and C. J. Blasius Williams (1805-1889), who owed this 
unusual christian name to his birth on February 3, the day on which St. Blaise 
or Blasius underwent martyrdom in A.D. 316. 

Though a relatively small matter of priority, it hardly seems reasonable that 
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R. J. Bertin (1767-1827), who held the same views as Laennec about the pro- 
duction of the heart sounds, should sometimes be picked out, rather than 
Laennec, to have been the first to listen to what was in reality a presystolic 
murmur. 

Bertin reported six cases in which mitral obstruction was found at necropsy ; 
in three of them, early in the century before Laennec invented auscultation, no 
mention of a murmur was made; in the other three a bellows murmur was 
recorded, which later in his book was said to be pathognomonic. Very likely he 
may have heard a presystolic murmur, but he did not describe it as rasping or 
presystolic. 


In 1832 Hope described the second sound of the heart on the left side of the 
sternum in mitral stenosis as altered, i.e. losing its short, flat, clear character 
and becoming a more or less prolonged bellows murmur. “* When the valve is 
permanently patescent, admitting of regurgitation, the first sound likewise is 
attended with a murmur.” The first above-mentioned murmur was formerly 
known as Hope’s early diastolic murmur. In the third edition (1839) of his 
Treatise Hope mentioned that he had carefully listened for a murmur due to 
the auricular systole, but without success. Subsequently this diastolic murmur 
was ascribed to dilatation of the trunk of the pulmonary artery so that its valve 
segments became relatively incompetent, and has been called the murmur of 
high blood pressure in the pulmonary artery (Graham Steell, 1888). Williams, 
the early colleague as an experimental cardiologist of Hope and later his rather 
unfriendly rival, stated in 1840 that this diastolic murmur in mitral obstruction 
was very rare, as he had recognized it in two or three cases only. He referred 
to its possible production by the suction-pump action of negative pressure due 
to the diastolic expansion of a well-developed left ventricle. 


FAUVEL AND THE PRESYSTOLIC MURMUR 


The view that the murmur characteristic of mitral stenosis was due to regur- 
gitation of blood from the ventricle into the auricle was until after 1861 (see 
p. 5) commonly but not universally held, and was indeed revived more than 
once after that date (see p. 7). In 1843, however, Fauvel (1813-1884), 
chief of the clinic of the Paris Faculty of Medicine at the Hétel-Dieu, Paris, 
described, with five illustrative cases (three with necropsy) of mitral stenosis, 
the presystolic murmur. 

He was careful to acknowledge that the word “ presystolic *’ was taken from 
Gendrin (1796-1890), who in 1841 had divided the cycle of the heart into six 
periods : systole, perisystole (immediately following), presystole (immediately 
preceding systole) ; diastole, peridiastole, and prediastole (p. 32). Gendrin laid 
it down that obstruction to the passage of blood from the auricle to the ventricle 
caused a prediastolic murmur, adding that the systolic, perisystolic, and prediastolic 
murmurs were often continuous (p. 110). He regarded reduplication of the second 
sound as evidence of mitral stenosis. 

Fauvel shared the fate of the prophet in his own country : Bouillaud (1796- 
1881) did not support his junior, being probably more interested in a triple bruit 
(de rappel) at the base of the heart, which he described in 1836. In 1853 
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Hérard (1819-1913) stated that mitral stenosis might be associated, in varying 
degrees of frequency, with a systolic, presystolic, or diastolic murmur. In 
1862 Duroziez (1826-1897) referred to “that famous presystolic murmur 
of which everyone talks but no one understands.” In Germany Canstatt 
(1807-1850), of Ratisbon, in 1848 confirmed Fauvel’s views, and aroused criti- 
cism from Wintrich (1812-1882), who in 1849 concluded that it was a rather 
interesting article de luxe of physical diagnosis (Hilton Fagge). In Great 
Britain Fauvel’s article attracted hardly any attention, though destined eventually 





C. Hitton Faacce, M.D., F.R.C.P. 
(1838-83) 
By the courtesy of the late C. H. Fagge, M.S., F.R.C.S., and of the Oxford University Press. 


to become a milestone in the history of the disease. Thomas Addison (1793- 
1860) ** never distinguished a presystolic bruit from a systolic one, and openly 
taught that he was quite unable to diagnose a contracted auriculo-ventricular 
orifice from a dilated one” (Wilks). William Stokes (1804-1878), Regius 
Professor of Physic in Dublin, did not welcome the new murmur ; in 1854 he 
wrote : 


“* To the inexperienced, the detailed descriptions of such phenomena as the 
intensification of the sounds of the pulmonary valves, of constrictive murmurs as 
distinguished from non-constrictive, of association of different murmurs at the 
opposite sides of the heart, of pre-systolic and post-systolic, pre-diastolic and post- 
diastolic murmurs, act injuriously : . . . by conveying the idea that the separate 
existence of these phenomena is certain, and that their diagnostic value is certain.” 
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In 1871 Hilton Fagge (1838-1883), realizing the importance of Fauvel’s 
description of the presystolic murmur and finding that it had not been noticed in 
detail by British writers, gave a full abstract of it. He pointed out that it would 
not be strictly accurate to assume that British physicians entirely overlooked the 
direct mitral murmur and its presystolic character until Gairdner’s paper in 
1861. Several, such as Peter Mere Latham (1789-1875) in 1845, Bellingham 
(1805-1857), a Dublin surgeon, in 1853, and Markham (1818-1891) in 1854 and 
1860, described it as simply diastolic. Some said it was very rare ; thus in 1851 
Herbert Davies (1818-1885) had never heard it, and in the same year Ormerod 
(1819-1873) stated that a direct. mitral murmur was one of the rarest morbid 
cardiac sounds and that he had identified it in two cases only. 

W. H. Walshe (1812-1892), born in Dublin and endowed with the brilliancy 
of a clever Irishman, educated medically chiefly in Paris, M.D. of Edinburgh, 
and physician to University College Hospital in London, appears to have been 
in 1851 the first in Great Britain to recognize the presystolic character of the 
direct mitral murmur in mitral stenosis ; he spoke of the diastolic murmur as 
rather post-diastolic or presystolic than as coinciding precisely with the Ven- 
tricular diastole. 

In 1859 Austin Flint, the elder (1812—1886), then of New Orleans and later 
of the Bellevue hospital, New York, stated that a direct diastolic mitral murmur 
‘* follows the second or diastolic sound of the heart and precedes the systolic 
or first sound.” He regarded this diastolic mitral murmur as rare because the 
contractions of the auricle were not sufficiently powerful, but did not refer to 
Fauvel or actually use the adjective “* presystolic ’’ then. 


GAIRDNER AND THE AURICULAR-SYSTOLIC MURMUR 


In 1861 Sir William Gairdner (1824-1907), then of Edinburgh and from 1862 
to 1890 Regius Professor of the Practice of Medicine in the University of Glas- 
gow, described under the title “* auricular-systolic * (A.S.) the murmur Fauvel 
had called presystolic. Gairdner’s ‘* Short Account of Cardiac Murmurs,” 
which did not refer to Fauvel, ‘“‘ marked ” according to G. A. Gibson (1854- 
1912) of Edinburgh, Gairdner’s biographer, the “commencement of a new 
epoch in physical diagnosis.” It was largely responsible for the eventual 
recognition of the presystolic murmur in Great Britain. Gairdner also described 
a direct mitral murmur, ventricular-diastolic in time and coincident with the 
filling of the ventricle by its rapid expansive action. In the second edition 
(1867) of his Treatise, Austin Flint preferred “* auricular-systolic”’ to presystolic 
as the qualifying adjective. 

After Gairdner’s important paper, opinion still fluctuated before its accept- 
ance became general. The history and position in 1871 were exhaustively 
reviewed by Hilton Fagge, whose paper also contained many clinical observa- 
tions, especially about the rhythm of murmurs and the state of the sounds of the 
heart, on 67 cases in Guy’s Hospital. In 1865 James Andrew (1829-1897), of 
St. Bartholomew’s Hospital, and in 1867 T. B. Peacock (1812-1882), of St. 
Thomas’s Hospital and a prominent authority on cardiac disease, especially on 
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congenital malformations, spoke of the recognition of a presystolic murmur as 
‘one of the most difficult tasks in the physical examination of the heart, and 
often all but impossible, at least in the later periods of the disease.” This 
disappearance of the murmur had to wait for an explanation until the discovery 
of auricular fibrillation early in this century by Sir James Mackenzie (1853- 
1925), who first called it “* nodal rhythm ” and thought it due to paralysis of the 





Sir WILLIAM TENNANT GAIRDNER, K.C.B., M.D., F.R.S. 
(1824-1907) 


From a photograph taken during the later years of his life in Glasgow by Messrs. T. & R. 
Annan & Sons. 


left auricle, and of the electrocardiographic and other observations of Sir 
Thomas Lewis. Physiologists had experimentally produced fibrillation of the 
heart muscle in the last century (Gaskell ; MacWilliam). Hyde Salter (1823- 
1871), physician to Charing Cross Hospital, in a clinical lecture published in 
1869 declared that the presystolic was the easiest of all cardiac murmurs to 
detect and that for 30 years physicians had regarded it as systolic in time. 
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Hilton Fagge agreed with the last statement, but gently added “it is perhaps 
going a little too far ” (as Salter did), ‘‘ even in addressing a class of students, 
to say that now anyone who should fail to recognize and identify this sound 
would not only be unfit to hold the place of an accomplished and critical 
physician but could hardly be considered as a decently informed member of our 
profession.” 


THE AUSTIN FLINT MURMUR 


Presystolic murmurs have been ascribed to causes other than ordinary 
organic mitral stenosis. The best established is the Austin Flint murmur at the 
apex beat in aortic regurgitation. Austin Flint, in describing it in 1862, 
explained its mechanism as follows : “in aortic incompetence the left ventricle 
is rapidly filled with blood regurgitated from the aorta in addition to that from 
the left auricle, as a result the mitral curtains are brought into coaptation, and 
when the auricular contraction takes place this direct mitral current passing 
between the curtains throws them into vibration and gives rise to the character- 
istic blubbering murmur. The physical condition is in effect analogous to 
contraction of the mitral orifice from an adhesion of the curtains at their sides.” 
Austin Flint thus specially incriminated vibration of the valve segments, but his 
mention of *‘ coaptation ” does not entirely exclude the later view, namely that 
impingement of the regurgitant blood from the aorta on the anterior cusp of the 
mitral valve bulges that flap in so as to narrow the mitral orifice (Guitéras)— 
an inorganic stenosis ; evidence of this has been adduced in the presence of 
endocardial thickening of the auricular surface of the mitral valve. Flint’s 
accuracy in timing the presystolic murmur in aortic reflux uncomplicated by 
mitral stenosis was bluntly questioned by G. W. Balfour (1823-1903), who in 
1876 warned his Edinburgh students not to make such a mistake. Flint 
naturally protested against this in 1884 and 1886. In his thesis for the M.D. 
degree at Cambridge in 1895 A. G. Phear analysed 46 cases in which the murmur 
was present without mitral stenosis, but associated with aortic incompetence or 
some other cardiac lesion. In 1901 W. S. Thayer (1864-1932) found that 
Flint’s murmur was present in 63 per cent. of cases of aortic incompetence 
proved by necropsy to be free from mitral stenosis. This presystolic murmur 
in association with aortic reflux is now fully accepted. A presystolic murmur 
has also been described in cardiac conditions other than aortic incompetence or 
mitral stenosis : in 20 of Phear’s 46 cases there was an adherent pericardium, 
and in some others with dilatation of the left ventricle. When a presystolic 
murmur has been heard in a case in which great dilatation of the left side of the 
heart is the chief lesion found, it has been suggested that it is due to relative 
or virtual stenosis, though without any absolute constriction of the mitral 
orifice (Rolleston and Dickinson, 1897). Another view is that the murmur may 
be due to the meeting of two columns of blood, one direct from the auricle, the 
other regurgitant from the ventricle into the auricle (Allan Burns). 
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SYSTOLIC, PRESYSTOLIC, OR DIASTOLIC 

Not long after the presystolic murmur was gaining acceptance in Britain 
criticism arose not about its diagnostic significance, but to the effect that it was 
really systolic in time. This was argued in 1864 by Ormerod, followed in 
1868 by Leaming (1820-1892) of New York, Barclay (1817-1884) of St. George’s 
Hospital, London, in 1872, F. Donaldson (1823-1891) of Baltimore in 1874, who, 
like Leaming, was said to have an accomplished ear for musical and other sounds, 
by Sir D.C. McVail (1845-1917) of Glasgow in 1879, quite briefly, by Dickinson 
(1832-1913), physician to St. George’s Hospital, in 1887 and 1889, who wrote at 
length and rather provocatively on “* the presystolic murmur falsely so called,” 
by F. C. Turner (1843-1900) of the London Hospital, in 1887, and by E. M. 
Brockbank in six papers between 1897 and 1910, who used the phrase “ the 
crescendo murmur of mitral stenosis.”’ In 1911 Hart concluded that ** in some 
cases at least the short crescendo murmur preceding the first sound in mitral 
stenosis is not due to auricular activity.” At irregular intervals there were 
thus revivals of the old view about the nature of the murmur, which aroused 
much criticism, for example from G. W. Balfour in 1872, T. D. Acland (1851- 
1931) in 1889, and from Sir F. Taylor (1847-1920) and Sir John Broadbent in 
1909, and Sir T. Lewis in 1911. These battles long ago are now as if they had 
never been. 

In 1866 Hayden (1823-1881) of Dublin recorded six cases with a presystolic 
murmur, three confirmed as regards mitral stenosis by necropsy, and stated 
that in mitral stenosis embarrassment of respiration and oedema are much 
less prominent than in mitral incompetence, and that the presystolic murmur is 
not transmitted to the left side of the lower dorsal spine. He also spoke of 
post-diastolic and post-ventricular murmurs. From cardiographic records 
Galabin (1843-1913) in 1875 concluded that two totally distinct murmurs may 
be caused by mitral obstruction : (1) the auricular-systolic and (2) a diastolic, 
due to the venous flow through the narrowed and roughened mitral orifice, 
which may be separated from the auricular-systolic murmur. James Andrew in 
1877, while deprecating complicated expressions such as auricular-systolic 
and post-diastolic, admitted that as all direct mitral murmurs are diastolic, it 
was advisable to describe them in three groups according to the position of the 
murmurs in diastole. J. S. Bristowe (1827-1895) of St. Thomas’s Hospital in 
1887 followed this up by describing as the murmurs of mitral stenosis the three 
murmurs : (i) the early diastolic, taking the place of the second sound, thus 
resembling the diastolic murmur of aortic incompetence, audible on the left 
side of the sternum—this was later explained by pulmonary regurgitation 
caused by dilatation of that artery from increased venous pressure (see 
p. 3); (ii) the mid diastolic murmur, which may imitate a reduplicated sound, 
and has been ascribed to the suction action of the expanding left ventricle, a 
vis a fronte, as suggested by C. J. B. Williams (see p. 3) ; and (iii) the late 
diastolic or presystolic murmur. 

Sir W. H. Broadbent (1835-1907) in 1886 described three stages of mitral 
stenosis : (a) with good compensation and a presystolic murmur and second 
sound audible at the apex ; (5) the period of strained compensation in which the 
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second sound is absent at the apex and the first sound becomes short, usually 
very loud, and so may be erroneously regarded as the second sound and the 
presystolic murmur running up to it as systolic in time ; (c) in the third stage, 
in which the compensation has completely broken down, the presystolic murmur 
has disappeared, probably as the result of tricuspid incompetence. It was 
more than twenty years later that the important factor of auricular fibrillation 
was established by Mackenzie and Lewis (see p. 6). Broadbent discussed the 
variations in the pulse from a regular rhythm in the early stage to extreme 
irregularity later, as Stokes had done, and described a moderately high blood 
pressure. He also commented on the frequency with which cedema was absent, 
and associated the presence of extreme oedema with the complication of tri- 
cuspid stenosis. 


ASSOCIATED CONDITIONS 


Tricuspid stenosis, when present, is nearly always associated with mitral 
stenosis which is in a more advanced stage. Isolated cases in this bilateral 
auriculo-ventricular stenosis were recorded by Morgagni (1761), Criiwell (1765), 
Corvisart (1806), Horn (1808), Allan Burns (1809), Laennec (1823), and Bertin 
(1824). Bedford Fenwick (1882) collected 70 such cases; Leudet (1888) 
found among 114 collected cases of tricuspid stenosis 103 with mitral stenosis, 
and Newton Pitt (1853-1929) among 109 cases of tricuspid stenosis from the 
records of Guy’s Hospital found that all but two showed mitral stenosis. 

A ball thrombus in the left auricle in mitral stenosis was reported in 1814 by 
Wood in Edinburgh. Allan Burns in 1809 described an early stage of a loose 
ball-clot in mitral stenosis: “‘ the left auricle contained a concretion larger than a 
pigeon’s egg, firmly adherent to the skin of the cavity, and composed of several 
portions forcibly pressed together,” and Robert Adams recorded a case in 1827. 
In 1909 Welch collected 19 cases associated with mitral stenosis, and it has been 
suggested that impaction of the ball-thrombus in the stenosed mitral may 
cause sudden death, but Welch’s analysis gave little support to this possibility. 
Cases of intra-auricular ball-thrombi and tumours without mitral stenosis 
may imitate ordinary mitral stenosis (Thompson and Aitchison). 

Pulmonary apoplexies, described in 1819 by Laennec, appear to have been 
first correlated with mitral obstruction by J. A. Wilson (1795-1882), physician 
to St. George’s Hospital from 1829 to 1857, in a paper read before the Royal 
College of Physicians of London on the evening of March 22, 1830, but only 
reported briefly in the London Medical Gazette, in which three cases seen in a 
short period of six weeks were reported. This was confirmed in 1832 by Hope 
and about the same time by Sir Thomas Watson (1792-1882). In 1896 W. L. 
Dickinson (1862-1904) published in full his grandfather’s three cases, but on 
analysis of 70 necropsies showing the presence of pulmonary apoplexies was 
surprised to find that sixteen only were associated with mitral stenosis, most of 
the others undoubtedly showing mitral regurgitation. T. B. Peacock in 1867 
argued that, as the pulmonary vessels underwent gradual dilatation, pulmonary 
apoplexies were not prone to occur ; whereas Hyde Salter stated in 1869 that 
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hemoptysis is more likely to occur in mitral obstruction than in other forms of 
cardiac disease. 

Pressure exerted by a greatly dilated left auricle on the left bronchus and 
collapse of much of the left lung was recorded in 1889 by T. D. Acland, who 
referred to two such specimens in the Guy’s Hospital museum. 

1 am much indebted to Dr. Maurice Campbell for the following note. 
** In 1838, T. Wilkinson King (1809-1847), curator of the Museum and lecturer 
on morbid anatomy at Guy’s Hospital, published a paper ‘On a Morbid 
Flattening or Compression of the Left Bronchus produced by dilatation of the 
left auricle.. He summarized his conclusions as follows :— 


‘*** A particular morbid effect, which, as far as I am informed, has not been 
made known, and which, as I believe, is of rather common occurrence, is the 
flattening and obstruction of the left bronchus, when the left auricle is dilated so 
as to press upon this air-tube. Our Collection affords three specimens of this 
affection; and I think I may say I have remarked it many times, in different 
degrees. I propose to make a brief reference to the most remarkable instances 
of those which I have recorded; as well as to a few concurrent circumstances, 
which may explain what is necessary to the production of this compression, as 
well as what should be looked for in connexion with it. 

‘***T have been able correctly to anticipate the existence of this change, by 
considering the state of the heart; but I have hitherto perceived nothing dis- 
tinctive in the respiratory sounds, and, indeed, should not expect to do so.’ 


The cases, specimens of which are still in the Guy’s Museum and show the 
compression of the left bronchus very clearly, were (1) a boy of 15 with rheu- 
matic heart disease and mitral stenosis, who died with congestive failure with 
pleural and pericardial effusions, (2) a man of 28 with mitral stenosis and an 
adherent pericardium, and (3) a woman of 21 with mitral stenosis and a slighter 
degree of tricuspid stenosis, who died with general congestive failure. In the 
first two cases the great dilatation of the left auricle was emphasized; in the 
third case there was much dilatation of both auricles, especially the left. A 
fourth case was mentioned in which the left bronchus was compressed, probably 
from a dilated right auricle associated with a patent foramen ovale.” 

Paralysis of the left recurrent laryngeal nerve, causing cough and aphonia, 
and associated with mitral stenosis, was described in two patients in 1897 by 
Ortner (1865— ). In 1920 Garland and White collected 61 cases of dilatation 
of the left auricle, and agreed with Fetterolf and Norris that such dilatation 
alone did not explain the compression of the nerve and that the left 
pulmonary artery played a part in the process. Enormous dilatation of the 
left auricle may occur without mitral stenosis (see Ewart and Owen). 
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Within the past seven years the fourth lead, as originally introduced by 
Wolferth and Wood (1932) after the experimental studies of Wilson et a/ (1931), 
has been used with increasing frequency as a routine cardiographic procedure 
(Lieberson and Lieberson, 1932-33; Hoffmann and De Long, 1933; Katz and 
Kissin, 1933; Goldbloom, 1934; and Master, 1934). It has occasionally come 
to the fore as the exclusive sign of myocardial infarction involving the so-called 
‘silent’ areas of the heart, regions not adequately explored by the standard 
leads. Its value as the sole electrocardiographic sign of myocardial disease, 
not due to coronary thrombosis or sclerosis, has not received much attention. 
We therefore decided to review a large series of cardiograms to determine how 
often positive findings in the fourth lead are the only evidence of myocardial 
disease, i.e. where there are no revealing signs in the standard leads. 

Four thousand four-lead cardiograms taken at Beth Israel Hospital from 
January 1, 1936, to January 1, 1939, were studied. Only those records were 
finally selected in which the standard leads were within normal limits and the 
precordial leads were unquestionably abnormal as evidenced by (1) an absent 
R wave or an R wave of less than 2 mm., (2) a depressed or significantly 
elevated RS-T segment (2 mm. or more above the iso-electric line), (3) an M or 
W type of QRS complexes, or (4) inverted T waves—criteria which Wood 
and Wolferth (1939) have agreed to very recently. Observations on serial 
changes were not included as a part of this study. 


METHOD AND RESULTS 


The right arm electrode was placed 5 cm. to the left of the midsternal line 
in the fourth interspace. The other electrode was led off from the left leg. 
This derivation of the precordial lead corresponds to the mirror image of the 
CFs lead which Wood and Wolferth (1939) in their most recent review consider 
very useful and reliable.* Small monel metal electrodes (1 inch in diameter) 
with salt paste were used. 


* Since January 1938, following the suggestion of the American Heart Association, we 
have been taking the precordial lead with the R—A electrode attached to the left leg and the 
L-A electrode to the precordium. Throughout this paper the description of the precordial 
lead is as if it were taken in this direction. In the figures both the old method of taking the 
electrocardiogram, and its mirror image, the new CF; lead, are shown. 
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Of the 4000 records studied, duplication reduced the total number of cases 
to be reviewed to 3200. Seventy of these (2-2 per cent) showed precordial 
lead abnormality without significant changes in the standard leads. One third 
of this original group of 70 was finally chosen because of the completeness of 
clinical detail for analysis in the present study. 

After thorough review of the clinical history, physical examination, and 
radiological findings, the 23 cases were divided into a cardiac and a non-cardiac 
group, details of which are shown in the tables. 


Cardiac Group 


The cardiac group consisted of 13 cases; 10 of these (77 per cent) were 
females. Details are shown in Fig. | and Table I. Only 1 had acute coronary 


TABLE I 
ELECTROCARDIOGRAPHIC FINDINGS IN 13 CARDIAC CASES 





Axis Deviation 
Diagnosis Age and Sex | and Changes in | Changes in Lead CF, 
Standard Leads | 


1. Coronary thrombosis 62 F | Sl. depressed RS-T, | Small R 





and empyema of gall | Slurred QRS, * Slurred QRS 
bladder 

2. Coronary sclerosis and 58 F SI. slurred QRS, | Absent R 
hypertension Inverted T, * Cove-planed T 

Small QRS 

3. Coronary sclerosis and 65 M Slurred QRS, * Absent R 
hypertension | W-type QRS 

4. Rheumatic mitral 18 F | Inverted P, | Inverted T 
stenosis | Biphasic T; 

5. Arteriosclerotic heart a3 6F Inverted T, * | M-type QRS 
disease | Inverted T 


6. Essential hypertension 60 F Sl. depressed RS-T, | Small QRS 


Small, biphasic T,; * Inverted T 
7. Essential hypertension | 38 F | Small QRS, | SL. elevated RS-T 
and diabetes Low, biphasic T;. | Rel. small R 
Sl. inverted T 
8. Nephritis, hypertension,| 41 F Small QRS, | Very small R 
and pregnancy | Monophasic, slurred 
QRS 
9. Luetic aortitis and 56 M Slurred QRS 2 ana 3 | Absent R 
cirrhosis | Prominent S, * | Unusual QRS 
10. Hyperthyroidism me 64 M_| Slight tachycardia * Absent R, unusual QRS 
11. Unknown cardiac 44 F | Q, and Q, present | Inverted T 
disease Slurred QRS | Small, slurred QRS 
12. Unknown cardiac 38 =F Low-voltage QRS, Absent R 
disease Inverted T, Monophasic QRS 
13. Unknown cardiac 46 F Low QRS, Small R 


disease Inverted T 





* Left axis deviation. 
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thrombosis, and only 2 others suffered from coronary sclerosis. Left axis 
deviation was present in 7 patients. The initial upward deflection (R wave) * 
was absent in 5 cases, 3 of which were accompanied by left axis deviation; it 
was small (less than 2 mm.) in 5 patients: in no case in which the R wave was 
absent was there an inverted T wave. QRS complexes of M and W type occurred 
in 2cases. The T wave was inverted in 5 cases. All the 5 tracings in which the 
initial upward deflection (R wave) was small showed inverted T waves. In one 
patient a cove-planed T accompanied an almost absent R wave. The most 
common finding in this cardiac group was an absent R wave (38 per cent), or a 
small R wave (38 per cent). 


Non-Cardiac Group 


In this group of 10 cases (43 per cent), 8 were females. Diseases of the 
lungs contributed the greatest number of cases to this division. Details are 
shown in Table II and Fig. 2. Left axis deviation occurred in 4 cases. In 
contrast to the previous group the initial upward deflection (R wave) was 
absent only once (a man of 74 with adenocarcinoma of the sigmoid in whom 
coronary disease could not with certainty be ruled out clinically; for lack of 
positive evidence, however, we put him in the non-cardiac group). A small 
R wave occurred in 4 cases, and this was always accompanied by inverted or 
biphasic T waves. The T wave was inverted in 6 and biphasic in 3 cases. 
Thus the characteristic positive finding of the non-cardiacs was T wave inversion. 


TABLE II 


ELECTROCARDIOGRAPHIC FINDINGS IN 10 NON-CARDIAC CASES 





Axis Deviation and | 
Diagnosis Age and Sex | Changes in | Changes in Lead CF, 
Standard Leads 





14. Carcinoma of left; 45 M | Small Q 2 ana 3, low T; 


Inverted T 
bronchus Slurred QRS, prom. S, | Slurred QRS 
15. Broncho-pneumonia | 23 F | Flat T; | LowR 
| | | Small, flat T 
16. Broncho-pneumonia | 57 F | Slurred QRS | Small inverted T 
and diabetes | Inverted T; t Small QRS 
17. Neoplasm of rightlung | 44 F Sl. depr. RS-T,,2,;. | LowR 
| Low QRS; ‘ ‘ Small inverted T 
18. Pregnancy .. a 29 F_ | M-shaped QRS, | Inverted T 
| S, present, Inverted T; | 
19. Pregnancy... a) =F Inverted T; | Low biphasic T 
20. Pylorospasm < 54 F | Small QRS, | Small R 
Flat T; | Small inverted T 
21. Chronic cholecystitis.. | 52 F | Sl. diphasic T ,, 2, ; | Small R 
| Q; present | Biphasic T 
| Small QRS, t 
22. Adenocarcinoma of | 74 M_ | SL slurringQRS,,,;¢ | AbsentR 
sigmoid , Cove-planed T 
23. Spinal deformity and 18 F | Biphasic T; | Inverted T 


polyneuritis 





* See note on p. 13. + Left axis deviation. 
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DISCUSSION 


To assay the significance of any lead in the diagnosis of heart disease is very 
difficult, since dogmatic statements in any single case cannot be made before 
necropsy is performed. With relatively limited autopsy material available, 
reliance had to be placed on clinical history, physical examination, and radiology 
(Note that for obvious reasons of logic, we could not even use the electrocardio- 
grams in this study to help determine which of our cases were cardiac and which 
non-cardiac.) For this reason we have included in our analysis only those cases 
in which the charts were complete enough to give a full history and the physical 
and radiological features of the case. Where any doubt existed the patient was 
recalled for re-examination. 

An analysis reveals that 5 of the 6 cases in which R 4 was absent were in the 
cardiac group, and the sixth, who was a man of 74, may well have had coronary 
sclerosis. It therefore follows that an absent R,4 is the most important single 
evidence of myocardial disease. We cannot, however, agree with Levine and 
Levine (1936) who consider an absent R 4 wave as positive evidence for myocard- 
ial infarction, since this condition was present in only | of our 5 cases with an 
absent Ry. As has been previously reported by Master et al (1937), this 
finding indicates heart disease in general, but does not determine the exact 
nature of the pathological process. 

Further study of the 23 positive fourth lead cases showed that small R waves 
were seen as frequently in the non-cardiac as in the cardiac group. No signi- 
ficant T wave aberrations occurred in either group. We could not determine 
accurately whether or not small R waves or biphasic or inverted T waves in the 
fourth lead betokened myocardial damage, when the conventional leads were 
normal. The incidence of a small R wave in 5 cases of the cardiac and in 
5 cases of the non-cardiac group suggests, however, that this single finding in the 
fourth lead does not indicate myocardial disease. As for the T, wave abnor- 
malities, the chart shows 6 cases with inverted T waves in the cardiac, and 5 cases 
in the non-cardiac group. This agrees with Levine and Levine’s report (1936) 
of inverted T waves in adults where there was no significant heart disease, and 
disagrees with Edeiken et al. (1936) who feel that adult cases showing an 
abnormal precordial T wave as the only significant electrocardiographic 
finding have angina pectoris or a history of coronary occlusion. 

The great number of females in both groups (18 out of 23, i.e. 78 per cent), 
seemed rather striking, in view of the fact that the precordial lead changes have 
up to now been most frequently reported as accompanying coronary thrombosis 
or sclerosis—conditions which predominantly affect the male sex. (The ratio 
of more than 3 females to | male in this series differs from the general ratio 
of about 1 to 1, observed in this electrocardiographic department. No 
comprehensive reports comparing precordial leads in males and females have 
been found. Shipley and Hallaran (1936) compared 200 normal men and 
women, but the **es varied from 20 to 35 years, whereas the mean age for the 
females of our series was 44 years. Since the cardiographic aberrations incident 
to pregnancy are reversible (Landt and Benjamin, 1936), we do not feel that 
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they could have played a significant role in this group, except possibly for Cases 
18 and 19. Abdominal obesity, however, by causing changes similar to those 
that obtain in pregnancy may have been a factor in shifting the heart’s axis, 
thus accounting for the T wave inversion. 


SUMMARY AND CONCLUSIONS 


Four thousand four-lead electrocardiograms (3200 cases) were reviewed to 
assess the diagnostic value of an abnormal precordial lead when the standard 
leads were normal. The criteria adhered to as a basis for this selection were an 
absent R wave, an R wave of less than 2 mm., a QRS wave of M or W con- 
figuration, or an inverted T wave—these being found in the fourth lead, in the 
presence of standard leads that were without significant alterations. Of the 
3200 cases 70 showed positive precordial and negative standard leads. Of 
these 70 a characteristic group of 23 was completely analysed as representative 
of the larger group. By careful history, physical examination, and X-ray the 
23 cases with positive chest leads were divided into a cardiac group (57 per 
cent) and a non-cardiac group (43 per cent). Left axis deviation occurred 
with about equal frequency in both groups. In the cardiac group, coronary 
thrombosis was present only once (8 per cent). Pulmonary disease contributed 
the greatest number of cases to the non-cardiac group (4 out of 10). Absence 
of the initial upward deflection (R wave) in lead IV was the most common finding 
in the cardiac group (5 out of 13 cases). Low R waves occurred with about 
equal frequency in both groups. Inverted or biphasic T waves were present 
slightly more often in the non-cardiac than in the cardiac group. The female 
sex was predominant in the ratio of about 3 to | in both groups. 

Where the standard leads were normal the precordial lead was the sole 
electrocardiographic indicator of heart disease in 1:2 per cent of 3200 cases 
studied. An abnormal fourth lead in the presence of normal standard leads is 
indicative of heart disease in more than 50 per cent of such cases. 

An absent R wave is of greater significance as a sign of myocardial damage 
than are either low R waves or inverted T waves, alone or combined. 

The precordial lead may be the only electrocardiographic evidence of 
heart disease in conditions other than coronary thrombosis or sclerosis. 


The authors are deeply indebted to Dr. Harry Vesell, Director of the Electrocardiographic 
Department, for his co-operation in this study; and to Mrs. F. Moore, the electrocardiographic 
technician, who helped to prepare the tracings for publication. 
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Limb lead electrocardiograms in cases of pulmonary embolism show 
characteristic changes, which have been carefully studied by Barnes (1937). 
The essential features are a tendency towards right axis deviation, with a constant 
S wave in lead I, and in lead III a moderate Q wave and sharp inversion of T. 
The appearances in lead III simulate posterior myocardial infarction, although 
Q is inconstant, and the R-T segment is rarely elevated and never markedly so. 
Fig. 1 shows three serial cardiograms from a case of massive pulmonary 
embolism proved at autopsy. During life this patient, who was originally put 
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Fic. 1.—Serial limb lead electrocardiograms in a case of pulmonary embolism proved at 
autopsy. (The case was misdiagnosed as one of posterior infarction during life.) 
Case 1. 


to bed for a rest on account of hypertensive heart disease, was wrongly diagnosed 
as posterior myocardial infarction. The differential diagnosis between these 
two conditions may usually be made by giving consideration to all the points 
tabulated by Barnes, but there are times when the distinction is difficult, if not 
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impossible. Further, on the clinical side, although as a rule the diagnosis of 
one or the other is not in doubt, there are occasions when there appear to be no 
distinguishing features. Substernal pain, a feeling of having been struck in the 
chest, tightness in the chest, breathlessness, faintness or loss of consciousness, 
profuse sweating, and prostration are symptoms common to both; while a 
small rapid pulse, a fall of blood pressure, gallop rhythm, and a cold, clammy, 
grey skin are signs common to both. Radiation of pain to the neck or arms, 
a change of cardiac rhythm, or true pericardial friction favour myocardial 
infarction; whereas an abrupt or early rise of venous blood pressure points to 
pulmonary embolism. Finally, in a series of 289 cases of pulmonary embolism 
found at autopsy to be the cause of post-operative death, a series in which as 
high a proportion as 82 per cent were correctly diagnosed in life, coronary 
occlusion headed the list of incorrect diagnoses (Nygaard, 1938). In another 
autopsy study of post-operative pulmonary emboli about two thirds of 229 cases 
were not diagnosed clinically (Prettin, 1936). Of pertinent interest is the series 
of 200 cases of coronary thrombosis reported by Eppinger and Kennedy (1938), 
for pulmonary embolism was found to be the cause of death in 6 per cent, 
and was present in 24 per cent. Belt (1939) especially has drawn attention to 
the fact that pulmonary emboli are as common amongst the patients in the 
medical wards as amongst those in surgical wards. 

Enough has been said to make it clear that a more certain method of 
diagnosing pulmonary embolism is required, and that it should leave no room 
for confusion in distinguishing pulmonary embolism from posterior myocardial 
infarction. It is the object of this paper to present such a method. 


CHEST LEAD ELECTROCARDIOGRAMS IN 10 CASES 


Chest lead electrocardiograms have been used widely as an aid in the 
diagnosis of myocardial infarction. As we are concerned here only with the 
difficulty of distinguishing pulmonary embolism from posterior infarction, it 
is only necessary to refer to the chest lead appearances of such infarcts. As is 
now well known there may be no changes recorded, or there may be depression 
of the RS-T segment with an upright T wave, or there may be very tall T waves, 
but there is never inversion of the T wave in any chest lead (Wood and 
Selzer, 1939). Examples of the two latter changes are shown in Figs. 2 
and 3 (p. 24). 

During the last few years at Hammersmith Hospital chest lead cardiograms 
have been taken on all suspected cases of pulmonary embolism and have been 
found very helpful. Ten cases are presented in Table I, compiled in order 
to show upon what evidence the diagnosis was made. Only those cases with 
considerable obstruction of the pulmonary circulation have been included, for 
it was found that small emboli insufficient to throw any stress on the right 
ventricle produced no changes in the electrocardiogram and in no way imitated 
myocardial infarction.’ Further, all these cases necessarily lived long enough 
for serial cardiograms to be taken, with one exception that is only included 
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Fic. 2.—Depression of the RS-T segment is seen in the left pectoral lead in this case of 
posterior myocardial infarction. 






































Fic. 3.—Posterior myocardial infarction with very tall T waves in the left pectoral lead. 


to show that the changes take time to develop. I have encountered no reason- 
ably proved case of pulmonary embolism with evidence of right ventricular 
stress that failed to show the changes about to be described, provided life 
was not extinguished too quickly. 

Multiple chest lead cardiograms were taken from the apex beat (lead IV), 
from the fourth right intercostal space at the right border of the sternum (right 
pectoral : RP—R), and from a point midway between these two (left pectoral : 
LP-R). The illustrations show lead IV on top, the left pectoral lead below it, 
and the right pectoral lead at the bottom (Wood and Selzer, 1939). The 
proximal electrode was always paired with the right-arm electrode, so that 
the apical lead was lead IV R. 


neice 





—ee 


debi me Pte Bat the 


ALLS ome aot 


— 


seca 


— 


Bm <M Te lle tin 8 


a 


aici BES 


er ti 


i” 





Bai «2h 


Ns 








PULMONARY EMBOLISM 













5.1.39 9.1.39 11.1.39 14.1.39 17.1.39 20.1.39 25.1.39 10.2.39 
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Fic. 4.—Serial electrocardiograms from a case of pulmonary embolism (Case 4). 
(A) Limb leads, showing changes in T, of short duration and in T, of longer duration 
(B) Chest leads, showing T inversion of long duration in LP-R and RP-R. 


Fig. 10 (Wood and Selzer, 1939) and Figs. 4 and 5 show the diagnostic 
changes discovered in three typical cases (Cases 3, 4, and 5). The essential 
feature is sharp inversion of the T wave, without appreciable displacement of 
the RS-T segment, always in the right pectoral lead, usually but for a shorter 
duration in the left pectoral lead, and sometimes and for the shortest duration 
in lead IV. Less essential is a tendency for the QRS deflection to be mainly 
upwards in the right pectoral lead. The T wave commonly remains inverted 
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for several weeks in the right pectoral lead, for a week or two in the left pectoral 
lead, and for a day or two, if at all, in lead 1V.. These facts may be verified 
by examination of the dates of the serial cardiograms in the examples shown. 
It is, however, easier to follow the stages of recovery than the stages of develop- 
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Fic. 5.—Serial electrocardiograms from a case of pulmonary embolism (Case 5). 
(A) Limb leads, showing T; inversion. 
(B) Chest leads, showing the maximum change about the fourth to eighth day. 


ment. Case 8 died one hour after the event, and the cardiogram that was taken 
within a half hour shows no change. In Case 5 (Fig. 5) the initial cardiogram 
was recorded within a few hours after the onset, and it will be seen that changes 
are minimal; six hours later they are still developing, and on the following day 
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they are established. Only regressive changes were observed in all the other 
cases, although in six of the eight the first cardiogram was taken within 
six to twenty-four hours after the onset. It appears, therefore, that maximal 
changes occur in a few hours but are not immediate. 


DISCUSSION 


It has been argued that the limb lead changes indicate myocardial ischemia 
because they imitate those of posterior myocardial infarction (Parsons-Smith, 
1940). This ischemia is thought to be due to shock, to anoxemia, or to reflex 
coronary vaso-constriction. Further, Scherf and Boyd (1939) point out that 
the right ventricle would be especially embarrassed by myocardial ischemia 
because of the burden thrown upon it by the obstruction in the pulmonary 
circulation. These views are open to criticism. First, although the limb lead 
cardiogram may imitate the features of posterior myocardial infarction, the 
chest lead appearances are entirely different; this argument must therefore 
lapse. Second, it has not been shown that shock alone is capable of producing 
cardiographic changes of the kind under discussion. While it is not denied 
that shock may influence the symptoms of pulmonary embolism, there is no 
reason to believe that it is any more responsible for the cardiographic changes 
than it is in cases of myocardial infarction. Third, reflex coronary vaso- 
constriction is said to be independent of the size of the pulmonary embolus 
(Scherf and Schénbrunner, 1937): these authors described two cases with 
marked cardiographic changes following small pulmonary emboli, and witnessed 
a typical electrocardiograph pattern as a result of small experimental emboli in 
three out of ten dogs. 

Yet, in the present series, the cardiographic changes appeared to depend 
very much upon the size of the embolus, and ran parallel to the develop- 
ment of acute cor pulmonale. Reference to the table will show that engorge- 
ment of the cervical veins was noted in seven out of the ten cases, and in each 
of these I made the observation myself within twenty-four hours of the onset. 
In the other three I failed to see the patient before at least three days had 
elapsed, and it is well known that the sign is apt to be overlooked unless special 
attention is paid to it. I have carefully examined many cases of pulmonary 
embolism within twenty-four hours of the event, and have not seen the cardio- 
graphic changes described above in the absence of evidence of acute cor 
pulmonale. It follows that, in the majority of cases, coronary vaso-constriction 
cannot be held responsible for these cardiograms unless it be associated with 
acute cor pulmonale. But if acute right ventricular stress from any cause can be 
shown to produce a similar cardiographic pattern, then it would seem that the 
theory of coronary vaso-constriction is not required to explain them. This 
appears to be the case. Selzer and I (1939) have recorded similar features, but 
in a persistent form, in pulmonary stenosis, mitral stenosis, and chronic cor 
pulmonale; transient changes, indistinguishable from those produced by 
pulmonary embolism, are found in rheumatic carditis (Wood, 1939), diphtheria 
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Fic. 6.—Limb and chest lead electrocardiograms from a case of pneumonia. The serial 
chest lead records are indistinguishable from those of pulmonary embolism. The 
standard leads taken on the same dates showed some inversion of T in lead III which 
gradually diminished and disappeared. 


(Pincus, 1939), and pneumonia (see Fig. 6), conditions known to be associated 
with isolated right ventricular failure. 

It is concluded that the essential factor in the production of these changes 
is right ventricular stress.. It is not unlikely that the explanation when dis- 
covered will be the same as that for T wave inversion in leads I and IV in 
cases of left ventricular stress, e.g. in hypertensive heart disease, when T in 
lead I inversion may be found associated with widely dilated coronary arteries 
(Harrison and Wood). 

The same argument may be used to show that the chest lead electrocardio- 
grams described, although providing a good method for the differential diagnosis 
between pulmonary embolism and posterior myocardial infarction, are not in 
themselves diagnostic of pulmonary embolism, but of acute and transient right 
ventricular stress. They bear the same significance as does a rise in systemic 
venous blood pressure, but whereas the latter may last only a few hours or days, 
the cardiographic pattern usually persists for weeks. 


SUMMARY 


1. Acute pulmonary embolism may be difficult to distinguish from posterior 
myocardial infarction, both clinically and by means of limb lead electro- 
cardiograms. 

2. Multiple chest lead cardiograms afford a good method of differential 
diagnosis. 

3. In posterior myocardial infarction, as is well known, there may be no 
cardiographic change, or the RS-T segment may be depressed, or the T waves 
may be very tall. 
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4. In pulmonary embolism sufficient to cause right ventricular stress there 
is sharp inversion of the T wave, maximal and for the longest duration in the 
right pectoral lead; usually, but for a shorter duration, in the left pectoral lead; 
and rarely, and for the shortest duration, in lead IV. 

5. Similar changes may be found in all conditions giving rise to right 
ventricular stress. 


My thanks are due to Dr. Daley, chief medical officer of the London County Council, for 
his permission to publish these cases. 
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T wave inversion and RS-T segmental deviation have been emphasized as 
evidence of myocardial infarction and coronary disease. It is not, however, 
rare to encounter these changes in tracings of those who do not exhibit 
the clinical picture of these conditions—the only demonstrable pathology being 
enlargement. Barnes and Whitten (1929), on careful post-mortem examina- 
tion, were unable to detect gross or microscopic damage to the myocardium 
in a large series of cases presenting these electrocardiographic findings. Master 
(1939) and Barnes (1940) have noted progressive changes in the T wave and 
RS-T segment as enlargement proceeds; they contend there is a characteristic 
configuration for relative preponderance of one or the other ventricle, and 
have suggested the term “ ventricular preponderance or strain” for use in 
cardiographic interpretation. 

An investigation was undertaken, in the attempt (1) to correlate these changes 
with the degree of enlargement of the heart and with functional capacity; 
(2) to determine whether the cardiographic pattern is sufficiently characteristic 
and clinically valuable to warrant its retention; and (3) to determine the types 
of heart disease associated with “ left ventricular preponderance.” 


MATERIAL AND CRITERIA 

One hundred consecutive clinic and hospital patients with hypertension 
were the subjects of this study. The series included white and coloured patients 
and Mexicans, of all ages and both sexes. Five were classified clinically as 
malignant hypertension (nephrosclerosis) and the remainder as essential 
hypertension. There was unequivocal evidence of over-digitalization in four, 
and of recent coronary occlusion in five. 

Patients with blood pressures above 150/90 determined by the method 
prescribed by the American Heart Association and the Cardiac Society of 
Great Britain and Ireland (1939) were considered to have hypertension and 
were included in this series. 

The standard leads of the cardiogram of each patient were studied for axis 
deviation, amplitude of the QRS complex, RS-T segmental deviation, and 
T wave direction. The angle of direction of the electrical axis was determined 
30 
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by the method devised by Einthoven (1908), and further developed by Carter, 
Richter, and Greene (1919). The amplitude of QRS was counted as increased 
if the R or S wave or both were 15 mm. or more. The RS-T segment or T take- 
off was considered displaced if it was 0-5 mm. or more from the isoelectric line. 
The criteria for left ventricular preponderance were (1) left axis deviation, 
(2) negative T,, or T, and Ty, with a positive T3, and (3) the negative T 
arising from the S wave, 0-5 mm. or more below the isoelectric line, or from a 
depressed RS-T segment. 

In 55 cases the cardiac size was measured by the cardiothoraic ratio de- 
termined by teleo-radiography. A ratio below 50 per cent was considered 
normal, 50—54 per cent slightly enlarged, 55-61 per cent moderately enlarged, 
and 62 per cent and above extremely enlarged. In the remainder of the cases 
enlargement was determined clinically. If the apex beat was palpable in the 
fifth intercostal space within the midclavicular line, the size was considered to 
be within normal limits; from the midclavicular to the nipple line slightly 
enlarged; from the nipple to the anterior axillary line or in the sixth inter- 
costal space, moderately enlarged; and at or beyond the anterior axillary line 
or in the seventh intercostal space, extremely enlarged. 

Classification of functional capacity was determined from the history and 
physical examination according to the criteria of the American Heart As- 
sociation as laid down in the Nomenclature for Criteria for Diagnosis of Diseases 
of the Heart (1939). 


CORRELATION OF FUNCTIONAL CAPACITY WITH CARDIAC ENLARGEMENT 

The clinical impression of a positive correlation between the size of the 
heart and the functional capacity is confirmed by Table I. Were it not for the 
accidents occurring in the course of hypertensive heart disease (coronary 
occlusion, arrhythmias, and conduction disturbances), the correlation would 
probably be even more complete. 


TABLE I.—CORRELATION OF FUNCTIONAL CAPACITY WITH CARDIAC ENLARGEMENT 





| Functional Capacity 
Size of Heart = Af Se Cg : | Total 








Total .. Bs peal 8 20 23 49 


= . | oe) me] 
Normal .. te a oof 7 7 — a . 
Slightly enlarged. . 1 10 5 3 19 
Moderately enlarged -— 3 14 15 32 
Externally enlarged - — a 31 | 35 
| 100 
| 





CORRELATION OF T WAVE DIRECTION AND RS-T SEGMENTAL DEVIATION 
WITH CARDIAC ENLARGEMENT 
Typical electrocardiograms from patients with hypertension, with varying 
degrees of enlargement of the heart, are shown in Fig. 1. Other authors have 
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published tracings showing similar progressive changes in individual patients 
as the enlargement progressed. 

In lead I the T wave tended to become inverted as the heart increased in 
size; 75 per cent of extremely enlarged hearts had inverted T waves, whereas 
there was no case of inversion in a normal-sized heart. The RS-T segment 
tended to become depressed as enlargement progressed, but this occurred less 
frequently than T wave changes, as approximately 50 per cent of extremely 
enlarged hearts had depressed RS-T segments or low T take-offs. 

In lead II the T wave and RS-T segments both tended to become inverted as 
enlargement progressed. However, it only occurred half as frequently as in 
lead I. Its presence was more likely to signify moderate to extreme enlargement 
than final deflection changes limited to lead I. 

In lead III 57 per cent of normal-sized hearts had inverted T waves. As 
enlargement progressed there was less tendency to inversion; 28 per cent of 
extremely enlarged hearts had inverted T waves. The tendency to positivity 
of T wave was mirrored in the RS-T segment, which became elevated-as 
enlargement progressed. More detailed results with figures and tables follow. 


T Wave 

Lead I—The T wave was upright in all normal-sized hearts. But 37 per cent 
of slightly and moderately enlarged hearts had inverted T waves, and this was 
true in 74 per cent of extremely enlarged hearts. 45 per cent of the entire 
series had negative T waves. 

Lead Il—Here again no negative T waves were found in normal-sized hearts. 
There was inversion in 20 per cent of slightly and moderately enlarged hearts, 
whereas in extremely enlarged hearts, there was 57 per cent inversion. Of the 
entire series, the T wave was negative in 31 per cent. 

Lead I1I—The T wave was inverted in 57 per cent of hearts of normal size, 
in 37 per cent of slightly enlarged, and in 24 per cent of moderately and extremely 
enlarged hearts. 

These results are illustrated in Fig. 2. 





100 
LEAD I LEAD II LEAD III 

















Inverted T Wave= 


Depressed RS-T Segment= -------- 


Fic. 2.—Correlation of heart size with inversion of T waves and depression of the RS-T 
segment in standard leads, expressed as percentages. 

N indicates normal-sized, SL slightly, MOD moderately, and EXTR extremely, enlarged hearts. 
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RS-T Segment 

Lead I—Of those with hypertension and normal-sized hearts 7 per cent had 
depressed RS-T segments. (One patient had a posterior coronary occlusion; 
another with positive RS-T segment had an anterior occlusion.) In slightly 
and moderately enlarged hearts, 33 per cent had depressed RS-T segments 
or low T take-off, whereas this was present in 48 per cent of extremely enlarged 
hearts. 35 per cent of the entire series had a low T take-off or a depressed 
RS-T segment. 

Lead II—There was no deviation of the RS-T segment in any of the normal- 
sized hearts, whereas 16 per cent of the slightly and moderately enlarged hearts, 
and 26 per cent of the extremely enlarged hearts had depression of the RS-T 
segment. 

Lead III—Of the normal-sized hearts 7 per cent had elevated RS-T segments, 
whereas in slightly enlarged it was 11 per cent, in moderately enlarged 22 per 
cent, and in extremely enlarged hearts 23 per cent. 


CORRELATION OF LEFT AXIS DEVIATION, AMPLITUDE OF QRS, AND LEFT 
VENTRICULAR PREPONDERANCE WITH CARDIAC ENLARGEMENT 


Left axis deviation—There appears to be no positive correlation between the 
degree of cardiac enlargement and the angle of deviation of the electrical axis, 
or the frequency of left axis deviation; 64 per cent of normal, 53 per cent of 
slightly enlarged, 50 per cent of moderately enlarged, 65 per cent of extremely 
enlarged hearts, and 58 per cent of the entire group showed left axis deviation. 
Right axis deviation did not occur in this series. These results are given in 
Table II and Fig. 3. 


TABLE I[—CoORRELATION OF CARDIAC ENLARGEMENT WITH LEFT Axis DEVIATION, INCREASED 
AMPLITUDE OF QRS, AND LEFT VENTRICULAR PREPONDERANCE 











Mammal |_Deswet nteroweent | oe 
Slight Moderate | Extreme 
Left axis deviation (L.A.D.) .. 9 10 16 23 58 
L.A.D. with high amplitude... 4 2 10 2 19 
L.A.D. with T, inverted and T; 
upright .. ie bie ne —_ 4(1)* | 82) 5 (2) 17 
L.A.D. with T, and T,, inverted | 
and T; upright ats ae — 2 (1) 2(2) | 94 13 
Complete left ventricular pre- 
ponderance .. - aa a oo oe = | a = 30 
Total cases... ‘ei 14 19 | 32 35 100 





* Figures in brackets refer to number of cases showing increased amplitude of QRS. 


Increased Amplitude of QRS—3\ per cent of the entire series showed an 
increased amplitude of QRS: 28 per cent of the normal, 21 per cent of the 
slightly enlarged, 43 per cent of the moderately enlarged, and 26 per cent of 
extremely enlarged hearts had increased amplitude. Again, there is no positive 
correlation and its frequency does not appear related to the degree of enlarge- 
ment (see Fig. 3). 
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Fic. 3.—Correlation of heart size with left axis deviation, increased amplitude of QRS, and 
left ventricular preponderance, expressed as percentages. 
In the right-hand third of the figure, the light area indicates T, inverted and T,; upright; and 
the shaded area, T, and T, inverted and T, upright. 


Left Ventricular Preponderance—No patient with a normal-sized heart ex- 
hibited left ventricular preponderance: 31 per cent of slightly and moderately 
enlarged and 40 per cent of extremely enlarged hearts showed preponderance. 
As the heart increased in size there was an increase in the frequency of occur- 
rence of left ventricular preponderance, inversion of T., and depression of 
RS-T, segment (see Fig. 3). The slight proportionate increase of high amplitude 
QRS occurring with preponderance in the larger hearts appears not to be 
statistically significant; 30 per cent of the entire series had left ventricular pre- 
ponderance. If the normals were eliminated, the frequency of left ventricular 
preponderance in enlarged hypertensive hearts was 35 per cent. 


ZETIOLOGY OF CARDIAC ENLARGEMENT IN LEFT VENTRICULAR PREPONDERANCE 


Hypertension (82 per cent) was the most common aetiological factor as- 
sociated with left ventricular preponderance. Lues (15 per cent) was next in 
frequency (see Table III). The patient with rheumatic fever had marked mitral 
regurgitation with left ventricular enlargement. Possibly the case of arterio- 
sclerosis should be listed under (pre-existing) hypertension, since the patient 
had a pressure of 140/80, was in marked congestive failure, had extreme enlarge- 
ment of the heart, and died eight days later. It appears that the electrocardio- 
graphic pattern described as left ventricular preponderance occurs only in those 
diseases of the heart that lead to enlargement of the left ventricle. 


TABLE III 


AETIOLOGY OF HEART DISEASE IN 60 CASES OF LEFT VENTRICULAR PREPONDERANCE 





Number of Cases Percentage of Total 











Hypertension a me ee 42 70-0 
Hypertension and lues 6 10-0 
Hypertension and emphysema 1 1:7 
Lues at ee brs 9 15-0 
Rheumatic fever l 1-7 
Arteriosclerosis 1 1-7 

Total 100-0 
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SUMMARY AND CONCLUSIONS 


(1) The electrocardiogram, functional capacity, and cardiac size were 
correlated in a study of 100 consecutive patients with hypertension. There 
is a positive correlation between the size of the heart and functional capacity. 


(2) As the heart enlarges in hypertension, the T wave progressively becomes 
inverted in leads I and II and upright in lead III. The RS-T segment follows 
the T wave in its direction. 


(3) Left ventricular preponderance is a characteristic electrocardiographic 
pattern occurring in 35 per cent of patients with enlarged left ventricles. It 
occurs with increasing frequency as the heart enlarges, and is characterized by 
(1) left axis deviation, (2) inversion of T, or of T, and T. with Ts; upright, 
and (3) a depressed RS-T segment in lead I or in leads I and II and an 
elevated RS-T segment in lead III. 


(4) Since functional capacity and cardiac size are both directly related to 
left ventricular preponderance, one may estimate, with some degree of 
accuracy in many cases, the functional capacity and approximate size from the 
electro-cardiographic picture. 


(5) Because depressed RS-T segments in leads I and II and elevated RS-T 
in lead III are found in 35 per cent of enlarged hypertensive hearts, and this 
deviation is one of the cardinal patterns of posterior coronary occlusion, one 
should be extremely careful in making the latter diagnosis on the cardiographic 
evidence alone. The origin of the RS-T take-off and the presence of Q waves 
are of value in the differential diagnosis. 


(6) Hypertension is the most frequent etiological cause of left ventricular 
preponderance. Lues is the next most common etiological factor. 


(7) There is no positive correlation between the level of the blood pressure 
and these changes. Our data do not solve the problem of whether the 
duration of hypertension, enlargement per se, or some other factor associated 
with enlargement is responsible for the T and RS-T changes. 


(8) We do not believe the few cases of coronary occlusion or over-digitaliza- 
tion in the series affect the general conclusions. 


Acknowledgment is made to Dr. Ghent Graves for helpful suggestions, and to Dr. G. C. 
Lechenger of the Jefferson Davis Hospital for use of the radiological material. 
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ATRIAL SEPTAL DEFECT 


BY 
D. EVAN BEDFORD, CORNELIO PAPP, ann JOHN PARKINSON 


Received October 21, 1940 


Patent foramen ovale and atrial (or auricular) septal defect (A.S.D.), though 
both characterized by an aperture in the atrial septum, are embryologically and 
pathologically different conditions. 

Slit patency of the foramen ovale (to probe or even to pencil) is a common- 
place in a normal atrial septum. As it should close during the first year of life, 
the patent foramen ovale is scarcely to be regarded as a congenital cardiac lesion, 
but rather as an anatomical variation of a pre-existent condition (Costa, 1931). 
It is present in 20-30 per cent of all necropsies (Thompson & Evans, 1930; 
McGinn & White, 1936; O’Farrell, 1938), and it is clinically silent. In excep- 
tional circumstances an increase in the right atrial pressure during hypertensive 
cardiac failure (Marchal, Ortholan, & Breton, 1939) or in mitral stenosis (Lutem- 
bacher, 1916, 1936) can open up the slit foramen (‘* widely patent ’’) and 
determine or accentuate a terminal cyanosis. Pulmonary infarction may 
similarly enlarge the slit foramen and so facilitate the passage of a paradoxical 
embolus (Barnard, 1930; Thompson & Evans, 1930; Jones, 1936; Léfgren, 
1937; Hirschboeck, 1935; Koritschoner, 1936). Terminal cyanosis and para- 
doxical embolism are the only two events referable to this common condition— 
a slit or widely patent foramen ovale—and they are rare. 

In contrast, an atrial septal defect is a malformation that is really con- 
genital. The development of the atrial septum by the union of three incomplete 
septa, namely, the septum primum (or superius), the septum secundum, and the 
septum intermedium, leaves pervious first the foramen ovale primum and later 
the foramen ovale secundum. The latter, narrowed by the septum secundum 
and provided with a membrane by the septum primum, becomes the fossa 
ovalis. 

Atrial septal defect is the most frequent of all congenital cardiac malforma- 
tions (Table 1). As a single lesion, it constitutes 7-25 per cent of all such cases. 

It is often associated with other congenital lesions—patent ductus arteriosus; 
ventricular septal defect; pulmonary stenosis; common atrioventricular canal 
(Rokitansky, 1875; Abbott, 1937; Roesler, 1934); transposition of the 
arterial trunks (Gibson & Clifton, 1938), most often along with ventricular 
septal defect, with patent ductus arteriosus, or with both (Joules, 1934; 
Taussig, 1938); with rare venous abnormalities as pulmonary veins emptying 
into the right auricle (Rokitansky, 1875; Duff, 1938; Ash er al., 1939), or left 
37 
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superior vena cava (Chase, 1938). It may be complicated by complex lesions, 
e.g. Fallot’s tetralogy (Feldman & Snook, 1938), or by multiple congenital 
defects (our Case 6). Thus atrial septal defect may accompany almost any 
congenital lesions, but our paper deals with cases where it was the sole or the 
predominant congenital lesion. 


TABLE I 


INCIDENCE OF ATRIAL SEPTAL DEFECT 





Atrial Septal Defect 


Author Consecutive Congenital 





Necropsies Heart Disease With other 
Alone Congenital 
Heart 
Lesions 
Abbot (1937) Se a — 1000 72 301 
McGinn and White (1936) 7500 67 11 16 
Gibson and Clifton (1938) 1950 105 23 12 
Ingham (1938) .. - 8314 87 21 — 





It is the only congenital lesion that occurs at all commonly with mitral 
stenosis (Abbott, 1915; Lutembacher, 1916). Anatomical observations on this 
association have been reported by Louis (1826), Corvisart (1841), Mayne (1848), 
Peacock (1860), Martineau (1865), Rokitansky (1875), Griffith (1903), and 
Tylecote (1903). A review of 23 reported cases, with an added case, was pub- 
lished by McGinn and White (1933). Since then, Roesler (1934), Gibson and 
Roos (1935), Lutembacher (1936), Cossio and Berconsky (1936), Sailer (1936), 
Van Ruyven (1936), Cossio and Arana (1937), Battro and De La Serna (1937), 
and Taussig, Harvey, and Follis (1938) have contributed to the subject. Less 
common are rheumatic affections of the aortic, or of the aortic and mitral 
(both Jacobius & Moore, 1938), or of all four valves (Taussig ef al., 1938). 
Roesler (1934) believes that three-quarters of the reported cases that he studied 
had rheumatic valvular disease ; among the 20 cases of Rokitansky (1875) 11 
had mitral stenosis; and all the 4 cases of Taussig et a/. (1938), had it. Among 
10 cases of our own with necropsy, mitral stenosis was associated in 4 (Cases 
7, 8,9, and 10). There is often adhesive pericarditis as well—the 11 cases of 
Rokitansky (1875), those reported by Battro and De La Serna (1937), by 
Cossio and Arana (1937), and by Cossio and Berconsky (1936), and our Case 8. 

The frequency of rheumatic heart lesions is in sharp contrast with the rarity 
of subacute bacterial endocarditis though this is so common with other con- 
genital heart lesions. Roesler (1934) and Taussig er al. (1938) even deny its 
existence ; but Griffith (1906) early reported one case with localization on the 
pulmonary valves, and two appear in the statistics of Abbott (1937). The only 
one with localization on the septal defect is mentioned by Jacobius and Moore 
(1938); in our Case 4 the vegetations were in the left auricle but involved neither 
the defect nor the mitral valve. 
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The following account is based on a series of 53 cases of atrial septal defect. 
In 10 the diagnosis was verified by necropsy, and in the rest characteristic 
clinical and radiological findings seemed to place it beyond reasonable doubt. 
The age and sex incidence are shown in Table II. We first made this clinical 
diagnosis in 1933 (Case 3); this patient died in 1935, and the diagnosis was 
confirmed at necropsy. The remaining cases represent our joint experience up 
to date, after excluding several doubtful ones. 


TABLE II 
AGE AND SEx Groups IN 53 CASES OF ATRIAL SEPTAL DEFECT (8 WITH MITRAL STENOSIS) 
F. M. 
0-10 years of age 2 I 3 cases 
—_ 5 2 Ei . 
21-30 9 5 14 
31-40 9 1 10 
41-50 12 4 16 
51-60 3 a 3 : 


I. PATHOLOGY 


Of the 10 patients with necropsy control, A.S.D. was the only lesion in 5: 
it was associated with mitral stenosis in 4; and with ventricular septal defect, 
slight patency of the ductus arteriosus, and slight coarctation of the aorta 
in Case 6. 

The age of death was mostly between 30 and 50. The oldest in our series 
was 46 when she died; the oldest reported, 77 (Tarnower & Woodruff, 1936). 
The prevalence of females in our necropsy series is even more striking (4:1) 
than is that of Roesler (1934) (3:2). The cause of death was exceptional in two: 
subacute bacterial endocarditis in one (Case 4) and paradoxical embolism in 
the other (Case 7) (see Tables II and III). 


TABLE Ill 


CAUSE OF DEATH IN 10 Necropsy CASES (4 WITH MITRAL STENOSIS 


Congestive heart failure ee he -. 3cases 
Pulmonary infarction .. : 2 
Embolism (one paradoxical) . rm a a 
Subacute bacterial endocarditis a -» fecase 
1 
| 


During operation 
Bronchopneumonia 
The heart was always greatly enlarged, often huge and square in shape; 
its weight was 930 g. (Case 9), 540 g. (Case 7) and 540 g. (Case 4). The right 
cavities composed the anterior surface and the apex of the heart (Figs. 1 and 2A) 
and the bulk of the organ. The circumference of the right ventricle was 22 
cm. and that of the left 12 cm. (Case 8), the proportion between right and left 
cavities was described as 3:1 (Case 2), and the left ventricle and auricle appeared 
as an appendix of a huge heart formed by the right cavities and the conus 
(Case 9). The external aspect of the heart was not very different when mitral 
stenosis co-existed, but on the whole the heart appeared more voluminous and 
the disproportion between right and left cavities greater than when it was 
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Fic. 1.—Atrial septal defect (A.S.D.); Case 3. The anterior surface of the heart, including 
the apex, is formed by the right chambers and only a small strip of the left ventricle is 
seen. The pulmonary artery is greatly enlarged; the aorta is normal (cf. Fig. 6). 


absent. On the cut surface the right ventricle showed much hypertrophy and 
dilatation (Figs. 2C and 3). Dilatation was greater with co-existent mitral stenosis 
and with long-standing failure; hypertrophy with the others. The thickness of 
the right ventricle was 1-3—1-7 cm. (Case 1) and | cm. (Case 4). The left ventricle 
was of normal thickness (except in Case 6 with ventricular septal defect, where 
slight hypertrophy was present), but it appeared thicker than the right in Cases 8 
and 9 with extreme right ventricular dilatation. Great dilatation of the right 
auricle was the rule. It was as large as a fist (Case 9), it was three times the 
size of the left auricle (Case 3), its diameters were 16 cm. by 12 cm. (Case 8), 
or it contained ante-mortem clots responsible for paradoxical embolism (Case 7). 
The tricuspid ring, mostly dilated and incompetent, had a circumference of 
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Fic. 2.—A.S.D.; Case 1. (A) Heart, anterior view. Enlarged right ventricle and striking 
disproportion between aorta and pulmonary artery; the branches of the right pulmonary 
artery are larger than the ascending aorta. 

(B) Section of lungs near the hila (left and right); the left and right branches of the 
pulmonary artery contain recent and old organized clots. The striped light portion 
within the lumen is old organized clot, the dark portion is recent clot. 

(C) Heart opened, showing the dilated right atrium and ventricle. The A.S.D. 
marked (A) occupies the lower part of the septum, just above the tricuspid valve, of 
which the septal cusp is rudimentary. Normal foramen ovale, patent to probe, lies 
above it to the left, and the right auricular appendix (auricle) above it to the right 
(cf. Fig. 9). 


16 cm. (Case 8), a diameter of 8-9 cm. (Case 9), or permitted the passage of 
four fingers (Case 10). The left auricle was normal except in two cases with 
mitral stenosis and fibrillation, where it was moderately dilated and had a 
diameter of 9 cm. (Case 8). The mitral stenosis was of buttonhole type in 
Cases 7, 9, and 10 (Fig. 5); the valve aperture was 2 cm. by | cm. in Case 8. 
A disproportion comparable with that between the right and left ventricle 
existed between the pulmonary artery and the aorta. Except once (Case 9) 
where the pulmonary artery was normal (though the conus was very large) 
(Fig. 4), the pulmonary artery and its branches were always greatly dilated (Figs. 
l and 2A). The circumference of the pulmonary trunk was 10 cm. (Case 10) 
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and 8-5 cm. when that of the aorta was of 5-5 cm. (Case 4). The diameters of 
the pulmonary artery and aorta at their base were 5-5 and 2-5 cm. (Case 1), 
4-5 and 3-0 cm. (Case 3), and 4:5 and 2:3 cm. (Case 10) respectively. The aorta 
was recorded as small in 7 cases (Cases 1, 2, 5, 6, 7, 9, and 10); and the 
pulmonary branches, except in Case 9, were larger than the descending aorta 
(Fig.2A). The proportion was 3-5and 2cm. (Case 3), and 2-7and I-3cm.(Case 10). 
The right and left pulmonary branches were equal in diameter with the exception 
of Case 3 where the right was larger than the left (3-5 and 2:7 cm.). The 
pulmonary artery and its branches were nearly always thickened; severe 
atheroma was present with extensive old and recent thrombosis in Case 1 
(Fig. 2B), and in a lesser degree in Cases 5, 6, and 8. Pulmonary infarction was 
found in Cases 1, 7, and 8; its part in producing paradoxical embolism in 
Case 7 seems as obvious as in other reported cases. 

The defect in the atrial septum was of oval or circular shape; its diameter 
was 2:3 by 5 cm. (Case 1), 1-5 cm. (Case 3), 3-5 by 2:5 cm. (Case 4), 5 cm. 
(Case 5), 3 by 2 cm. (Case 6), 1 by 0-8 cm. (Case 7), 7 by 4 cm. (Case 8), 
2 by 3 cm. (Case 9), 5 by 3-5 cm. (Case 10). Multiple defects were found in 
Case 6, and a strand of fibrous tissue divided the large defect in Case 8. The 
atrial septum was almost absent in Case 10 (Fig. 5) and only a rudiment 





Fic. 5.—A.S.D. with mitral stenosis; Case 10. Posterior view of the heart with left ventricle, 
left auricle, and pulmonary artery opened; almost complete absence of atrial septum 
The inner surface of the greatly enlarged right auricle is seen through the defect; the 
pulmonary artery is much dilated; the mitral cusps are fused and thickened. 


bordered the aperture at its upper margin. This type of defect is due to an 
arrest in the early stage of formation of the septum primum (Group | of 
Costa, 1931). The defect in the inferior part of the septum as far as the 
ventricular septum, associated with an imperfection of the tricuspid valve 
in Case | (Fig. 2C), represents the persistence of the foramen primum due to 
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an agenesis of the septum intermedium (Group II of Costa, 1931). In all the 
others the site of the defect was the fossa ovalis, or the upper part of the septum 
as in Case 2 (Fig. 3). These belong to the commonest group of malformations 
(Group IV of Costa, 1931) due to agenesis of the septum secundum, which fails 
to restrict the foramen ovale, and of the septum primum in its latest stage of 
development, i.e. the formation of the membrane. In other words, there is 
absence of the valve membrane and the limbus in true A.S.D., at the site of the 
fossa ovalis. The confusing term of “ widely patent foramen ovale” often 
used for this condition should be reserved for the distension of a functionally 
patent foramen ovale without congenital septal defect. 

The anatomical division of Costa (1931) and that of Routier (1939) into 
early and late defects has less pathological importance if it is believed that the 
pathological alterations are related to the size of the defect (Cruveilhier, 1852; 
Roesler, 1934) and not to its embryological type. Case 7 with the smallest 
defect in our series (1 cm. by 0-8 cm.) died suddenly at a time when the heart 
condition had improved with rest and digitalis; and Case 3 with a defect of 
1-5 cm. is our oldest necropsy case. But the pathological alterations in these 
two hearts were quite comparable in degree with those of Cases 5, 8, and 10 
with large defects. 


Il. CLINICAL FEATURES 


Dyspnea of some degree is the rule though it may be absent. A fair 
capacity for exertion, even with an enlarged heart often on the verge of failure, 
has been recognized as a sign of a certain importance (Roesler, 1934; Van 
Ruyven, 1936), since Firket (1890) reported the case of a woman who died 
when she was 74 after having had 11 pregnancies. Our Case 26 had 5 children; 
she is now 50 and only recently showed the first signs of failure; Case 32 was 
a golf champion a few years before when first seen; Case 53 (42 years old), 
with mitral stenosis, is still an active housewife, and so is Case 20. 

Pain. Sternal pain was absent in all but one (Case 3) of our patients. One 
had left mammary pain, and another had epigastric pain due to the congested 
liver. 

Under-development, small build, or frail constitution was emphasized by 
Roesler (1934), Leech (1935), Tarnower and Woodruff (1936), Abbott (1937), 
and Taussig ef a/. (1938); but we think too much has been made of the associa- 
tion though it occurs (Table IV), and also of associated mongolian idiocy and 
other developmental defects (Abbott, 1937) which are absent in our series. 

Cyanosis is an inconstant sign (Laubry & Pezzi, 1921; Pezzi, 1937), and its 
presence generally implies failure or a greatly enlarged heart about to fail. The 
type of cyanosis found in A.S.D., first described by Bard and Curtillet (1889) as 
cyanose tardive, is due to a reversal of the flow left to right so right to left, 
following right ventricular failure. In latent failure the shunt is only on effort 
and cyanosis is absent during rest. Effort cyanosis, as could be produced in 
our Cases 2, 11, 18, 22, and 50, is indeed more significant than cyanose tardive 
which may be no more than the cyanosis of co-existent cardiac failure. The 
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presence of intense cyanosis with the signs of A.S.D. and without failure should 
suggest a combination with other congenital defects, such as Fallot’s tetralogy, 
common atrioventricular canal, or transposition of the arterial trunks in a child 
(Case 33), or a complicating thrombosis of the pulmonary branches in an adult 
(Case 1). Clubbing in our series was infrequent and always linked with 
cyanosis. The clinical features and cardiac signs are given in Table IV. 


TABLE IV 


CLINICAL FEATURES 





10 Necropsy Cases 43 Clinical Cases 








Good capacity for effort ae 2 25 
Small build ee - 2 6 
Cyanosis since birth ; 1 1 
Cyanosis late or on effort 8* 23t 
Clubbing ; : 4 8 
Precordial bulge 2 3 
Apex-beat forcible (as well as ‘displaced) 10 22 
Systolic murmur in mitral area 3 24 
Mitral stenosis . . 4 4 
Thrill in pulmonary area 2 11 
Systolic murmur in pulmonary area . 4 28 
Diastolic murmur in pulmonary area 2 8 
Pulmonary second accentuated 4 27 
No murmurs an . F 4 6 
* All with failure. + 8 with failure. 


Cardiac signs.—(1) Precordial bulge is simply a sign of early and pro- 
nounced cardiac enlargement, so that its presence (about 10 per cent of our 
series) is not specific. 

(2) The apex-beat was both displaced and forcible in more than two thirds 
of our series. It was displaced to the left in 27 cases, reaching the anterior or 
middle axillary line in 14 of these, and as low as the sixth space in 8 of these 14. 
Though this sign commonly indicates left ventricular enlargement, it is here 
produced by the enlarged right ventricle, which pushes the left backwards, and 
itself enlarges towards the left to form the apex-beat. As Roesler (1934) 
maintains, the displaced and often forcible apex-beat, so widely accepted as 
an index of left ventricular enlargement, must be regarded as an important 
sign of A.S.D., in the absence of aortic valvular disease or hypertension. 

(3) Heart sounds and murmurs.—There may be no audible physical signs 
(in 8 of our cases) or such various signs as a systolic murmur in the mitral or 
pulmonary area or in both. If so, the murmur is usually (but not always) 
more intense at the pulmonary area where a systolic pulsation or even a thrill 
may also be felt. The pulmonary second sound is commonly accentuated 
maybe to reach a metallic character, and it is often palpable. It was followed 
in 10 of our 53 cases by a soft, blowing, diastolic murmur. The presence of 
these signs in the pulmonary area in mitral stenosis may suggest a co-existent 
septal defect though they may be found on rare occasions in advanced mitral 
stenosis (Graham Steell murmur). 

The variety of the auscultatory findings and their absence in typical cases 
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make it difficult to assign them, as several authors have done (Gibson & Roos, 
1935; Leech, 1935; Taussig et a/., 1938), to the defect itself. The murmur so 
produced should be a short presystolic murmur due to contraction of the left 
auricle, which could hardly be audible on the anterior surface of the heart 
because its transmission would be hindered by the hypertrophied ventricle 
(Laubry & Pezzi, 1921). But the systolic thrill and murmur so often audible 
over the pulmonary area can be readily explained by the dilatation of both 
conus and pulmonary artery giving rise to a relative stenosis of the lesser 
distended pulmonary ring (Cossio ef al., 1938). Whirling movements of the 
blood in a dilated pulmonary conus are thought to be responsible for the 
diastolic murmur in this area by Routier and Heim de Balsac (1938), who 
reject the possibility of a functional incompetence of the pulmonary valve. 
We believe that there can be such pulmonary incompetence (Cases 1 and 6). 
The tricuspid orifice is so often enlarged that it may account for the systolic 
murmur heard at the apex, here formed by the right ventricle. 


Ill. RADIOLOGICAL FEATURES 

Since Assmann (1928) first established the chief radiological sign in atrial 
septal defect, i.e. the enlargement of the pulmonary artery and of its branches, 
important contributions have been made to the subject by Dressler and Roesler 
(1930), Roesler (1934), Battro et al. (1937), Cossio and Arana (1937), Levesque 
et al. (1937), Pezzi (1937), Routier et al. (1938), Heim de Balsac (1939), Joly 
(1939), Laubry et al. (1939), and Roesler (1939). 

Radiological investigation was conducted in 51 of our series, i.e. in all 
excepting 2 of the 10 necropsy cases who were too ill for this (see Table V). 


TABLE V 
RADIOLOGICAL FEATURES 





8 Necropsy Cases* 43 Clinical Cases 


General enlargement .. - - = 8 32 
Chiefly to the left i sls 42 e 7 23 
Chiefly to the right... 7 os “ — 5 
Equally to left and right - me ad 1 8 
Aorta small or invisible (anterior view) 6 22 
Pulmonary arc very prominent 7 43 
Right pulmonary branch enlarged 7 43 
Right pulmonary branch pulsatile 6 25 


(hilar dance in 5) 
Pulmonary artery impression (on cesophagus) 16 
Left pulmonary branch large (L. oblique) .. 
Left auricular curve increased (R. oblique) .. 


Nh 


14 


2 4 
(both in M.S.) (slight in all; 1 M.S.) 
Lung field congestiont 1 2 
(1 M.S.; 1 failure) 

Hydrothorax .. oa i = ia 2 = 

(one subacute 
endocarditis, one 

M.S.; in both 
terminal only) 





* Two cases had no X-ray examination. 


t Clinical signs of failure were present in all necropsy cases and in 8 of the 43 clinical 
cases. M.S.=mitral stenosis. 
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In the anterior position the heart was almost invariably seen to be enlarged. 
Enlargement to the left was pronounced in 30 cases, and in 6 of them the 
y convexity of the left heart border was displaced as far as the left chest border. 
Enlargement to the right was pronounced in only 14, and in 6 of them more 
than to the left. This is opposed to the findings of Battro et al. (1937) and 
Cossio and Arana (1937), who hold that enlargement to the right is a capital 
sign of A.S.D. We think that the right auricle enlarges partly to the front and 
to the left, contributing to the displacement of the enlarged right ventricle (to 
the left), because we sometimes found at necropsy gross enlargement of the 


' right auricle without any striking enlargement to the right on their radiographs. 
i The right auricular border may be elongated (Fig. 10), and this, of course, 
happens more when there is mitral stenosis (Figs. 14 and 16). It is the enlarged 
right ventricle that determines the convex and prominent left border of the 


heart and simulates so closely left ventricular enlargement (Fig. 6). The 
rounded apex seldom merges into the diaphragm but stands out distinct; yet 
the total appearance is rarely that of a “* sabot-shaped ” heart, the left border 
being placed too nearly vertical for this (Figs. 6, 7, 9, and 10), though all our 
X-ray figures were taken in deep inspiration. 

The extreme, almost aneurysmal, bulging of the pulmonary arc gives the 
heart its typical aspect, and it was the dominant sign in all our cases (Figs. 6, 
7, 8, 9, and 10)—except one (Fig. 16); its contour was evenly rounded, and we 
could not identify any double curve due to combination of the left branch with 








Fic. 6.—A.S.D.; Case 3 (necropsy control). Fic. 7.—A.S.D.; Case 40. Similar to Fig. 6, but 
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Anterior view. Cardiac enlargement with dis- aortic knob visible above dilated pulmonary 
placed and convex left border due to the right artery. Great dilatation of right pulmonary 
ventricle (see Fig. 1), bulging of the pulmonary branch (“‘comma shaped”’), and a constellation 
artery, enlarged right pulmonary branch. formed by smaller branches. 


Note absence of lung congestion in this and 
similar figures. Breast shadows. 
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the main stem as described by Robb and Steinberg (1939), though we think it 
very possible that the pulmonary arc may be exaggerated by such a combination. 
The conus of the right ventricle was scarcely prominent, and a straight left 
border—comparable with that of mitral stenosis—was only seen once (Fig. 8). 
The main pulmonary branches were always enlarged. In the anterior position 
the right branch formed a large, dense, defined and often comma-shaped shadow 
(Figs. 7and 9). It contrasted with the clear lung fields, especially as pulmonary 
congestion and hydrothorax were almost always lacking even with congestive 
failure (see Table V). The pulmonary artery often pulsated visibly, particularly 
its right branch, producing the “hilar dance” described by Pezzi (1925, 1932) 
as a radiological sign of pulmonary incompetence. Yet we saw it in cases 
without pulmonary incompetence, and sometimes failed to see it when pul- 
monary incompetence was noted (pulmonary diastolic murmur). Such great 
pulsation is not always seen, though occasionally a lack of pulsation with 
increased density implies local thrombosis (Fig. 9). 

The aortic knob was small or wanting (anterior view) in 28 of the 51 cases, 
and was normal in the others. 

In the right (I) oblique position, the enlarged pulmonary artery with the 
conus increases the width of the heart shadow in its upper third and forms a 
squarish mass that bulges both to the front and to the back (Fig. 11). An oval, 
pulsating, denser shadow can often be discerned within it, in front of the aorta 
and just above the right bronchus; it isthe “ pulmonal fleck *’ (Schwedel & 
Epstein, 1936) and corresponds to the bifurcation and the right branch of the 
pulmonary artery seen in cross section. The straightness of the posterior border 
in its lower (left auricular) position, is a characteristic of the picture, and barium 
in the ceesophagus will emphasize it. The aortic impression on the esophagus 
is usually small and sometimes it is absent. In contrast, below it may be a 
large, deep impression—an exaggerated pulmonary artery impression (Parkinson 
& Bedford, 1931). The course of the cesophagus in the left auricular region is 
straight or slightly curved, quite unlike that featuring mitral stenosis (Figs. 12 and 
15). There were, however, 6 cases in which this left auricular curve was more 
pronounced though never extreme. In 2 of them, necropsy showed mitral 
stenosis and some enlargement of the left auricle; of the other 4, one had also 
mitral stenosis clinically, but the remainder had no signs of it. It is admitted 
that general cardiac enlargement itself may accentuate in some degree the left 
auricular curve (Babey, 1937). 

The left (II) oblique position is the only one in which the left branch of the 
pulmonary artery, hidden in the anterior position behind the greatly dilated 
pulmonary trunk, can be seen in its course (Schwedel & Epstein, 1936; Laubry 
et al., 1939). In 16 of our series it obscured the aortic window by appearing 
under the aortic arch as a large denser shadow (Fig. 13). The prominence of 
the right ventricle on the sternal border of the heart is another typical feature 
in this view. 

Radiokymographic studies in A.S.D. (Battro et al., 1937; Levesque et al., 
1937; Laubry et al., 1939) have shown normal ventricular pulsation on the left 
border with ventricular pulsation in its lower part (Battro et al., 1937), an 
7 








*QJDIIJUDA 
IYSIL Dy} JO A}JIXIAUOD PdSBdIDUI 94} SION 
*“MOPUIM 91JOB 94} SULINISGO puk A[asJOASUPIT 
Suluuns ‘Asojy1e Areuowynd oy} Jo youPsg 149] 
Jasuap ‘adsi1e[ 94} USES SI 1eY)] MOOG ‘“PIIOR 
94} JO WUWILUNS 94} AQ POUIOJ SI sJsuPII) SNIOR 
1YySI] yi JO 9seq BYE “Mata aNbIIGO (]]) YT 


*“(jo14juOD Asdois9u) ¢ BRD *‘G'S'*K—'El 


‘O14 


*;PULOU 
SI dAIND AR[NSINe Yo] yp ‘AioJe AIBUOWW 
-[Nd 94} 0} SNP sUO dB1R] JOMO] B pue ‘e}I0R 
24} 0} ONp duo [jews Joddn ue ‘snseydosa 
oy} Jo jyey toddn oy} ul suorlssodw OM} oe 
ay, ‘“‘snseydosa sy} ul wniseq YwM MIA 
anbygo (1) Way “8h SRD aA'S'¥—TI 


‘O14 


*(2Jd1UNe Jo] JO JUS 
-93.1B[US OU) JYSIRI}S SI J9P1Og JAvdY JOIID}sod 
ay) Jo sed JOMO] OY ‘a0URIvadde Yystienbs 
B® AIS UOISIAIP s}t pue Alajie AreuoOWw nd 
PoxepIp Apes syf “MOIIA ONbiygoO (]) IYsIY 
‘(jonjuOD ~Asdois0u) € 3SBD *'‘G'S'*KY—'II 


‘O14 














“ATRIAL” SEPTAL DEFECT ~— 51 


arterial curve in the upper apres artery region, and an arterial curve at 
the right hilum. ; 

With associated mitral stenosis there is likely to be extreme enlargement of 
the right auricle, both to X-rays and at necropsy, and this is well shown in 
Figs. 4, 14, and 16. 

In rare cases the pulmonary artery and its branches are not sahinnaih so that 
the radiological aspect is quite different (as in Case-9).°-In'the anterior position 
(Fig. 16) the heart is enormously enlarged. to‘Jeft:and right, and of spherical 
shape suggesting pericardial effusion. . The pulmonary artery is not visible 
though the conus is prominent. The greatly displaced right border crosses the 
diaphragm at an obtuse angle. In the right (1) oblique position the left auricle is 
not particularly prominent. The anatomical peculiarity of .this heart with 
A.S.D. and mitral stenosis (Case 9) was the huge conus almost like a third 
ventricle (Fig. 4). A transition between this and the typical radiological 
appearance is to be found in the cases of Roesler (1934) and of Joly (1939), 
where there was a certain degree of pulmonary artery enlargement but the 
branches were hidden behind the huge heart. - Joly. (1939). calls such hearts 
* pear-shaped ” (pyriform), and believes that they occur -only in men, and 
stresses their association with a small aorta; yet in our Case 9 the aorta was 
normal at necropsy, and Roesler (1934) found this form in a woman. 


IV. ELECTROCARDIOGRAPHIC FEATURES 


Atrial septal defect is the only congenital heart lesion in which auricular 
fibrillation is likely to occur. Among 300 cases of congenital heart diseases 
Brumlik (1937) found fibrillation only once, and this was in A.S.D. The 
reason for the association may be gathered from Table VI: in our series it 
was present in 6 patients (Fig. 17); five of them had mitral stenosis and the 
sixth, with A.S.D. only, was aged 58 and our oldest patient. If not mitral 
stenosis implying rheumatism, the predisposing factor for fibrillation appears 
to be increasing age. We have not found any reports of fibrillation in pure 
A.S.D. under 50 years of age, and in all the younger cases reported it was 
associated with mitral stenosis. In Case 10 there was alternating fibrillation 
and flutter, and in Cases 12 and 44 (both pure A.S.D. cases) there were 
paroxysmal attacks of nodal tachycardia. Complete heart block has been 
by Taussig et al. (1938). 

Large and high P waves in one or more leads, described as characteristic for 
A.S.D. by Leech (1935), were found in 15 records (Figs. 19A; 20A,C). A large 
bifid P was seen three times, without mitral stenosis (Fig. 19B). A long P-R 
interval is rarely mentioned in congenital heart disease, but it has been noticed 
and ascribed to a secondary myocardial lesion (Mannheimer, 1939), or to a 
ventricular septal defect (Brumlik, 1937) when there is bundle branch block. 
In A.S.D. it has not hitherto been remarked though it is apparent in some 
published records (Cesari, 1935; Brown, 1939). The P-R interval was 0-20 
second or more in 19 of our series (Figs. 19A, 20A); it was longest (0-28 sec.) 
in Case 27 who had also partial right bundle branch block with an enlarged 
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heart but no signs of failure. In Case 


years after the first and in failure, showed an increase from 0-18 to 0-26 sec. 


TAB 


ELECTROCARDIOGRAPHIC FEATURES 


28 (Fig. 18) a second record, taken four 


LE Vi 








Normal rhythm 
Auricular fibrillation 


Auricular fibrillation and flutter 
Right axis deviation with or without wide 
Left axis deviation 


No axis deviation 

Large or bifid P 

P—R 0-20 second or over 
QRS over 0-10 second 
Right bundle branch block 


T, inversion : 

T,, Te, Ts inversion 

T., Ts; inversion me ee 
Paroxysmal nodal tachycardia 
Auricular extrasystoles 


10 Necropsy Cases 


43 Clinical Cases 











6 41 
4 2 
(all M.S.*) (1 M.S.) 
1 iat 
(M.S.) 
8 33 
-- 2 
(1 sl.) 
2 8 
3 12 
3 16 
3 23 
l 4 
(M.S.) (2 M.S.) 
— 2 
— l 
3 17 
2 





* M.S.=mitral stenosis. 















Fic. 17.—A.S.D. with mitral stenosis; Case 51. Auricular fibrillation and right bundle 
branch_block (traditional type). 














Fic. 18.—A.S.D.; Case 28. 
(A) Right axis deviation. 
(B) Record taken four years after (A) shows prolonged P-R interval (0-27 sec.), notched 
and widened QRS, (0-10 sec.) and inversion of T, and T3. 





B 





< ee ee 


er 7. 





Fic. 19.—A.S.D. with right axis deviation. ; 
(A) Case | (necropsy control). Large P,, prolonged P-R interval (0-22 sec.), inversion 
of T. and T;. i 
(B) Case 12. High voltage curve, bifid P, and P;, sharp inversion of T, and T3. 
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The main direction of the waves was (notably in leads I and III) that of right 
axis deviation, in four fifths of our cases if we include right axis deviation itself 
and partial right bundle branch block whether of the traditional or of the newer 
type. It was of high degree (high voltage) in about half of them (Fig. 19B), 
and of medium or low degree in the other half. The voltage was low in the 














Fic. 20.—A.S.D. with bundle branch block. 
(A) Case 5 (necropsy control). P-R interval of 0-22 sec., large P., right bundle branch 
block of the traditional type. 
(B) Case 17. Right bundle branch block of the newer type. 
(C) Case 30. Large P, and P;. Bizarre, notched and widened (0-12 sec.) ventricular 
complexes. 


cases with severe failure (Cases 4, 7, 8, and 9), but it was also low in Cases 17 and 
21 with large hearts in the absence of failure. 

A widened ventricular complex sometimes suggesting right bundle block was 
described in A.S.D. (Bedford & Brown, 1937; Routier & de Balsac, 1938), 
and its diagnostic importance was stressed by Routier ef a/. (1940, 6). It was 
present in 26 of our series. Every transition from a prolonged intraventricular 
conduction or simple notching to right bundle branch block, sometimes of the 
old (Fig. 20A), sometimes of the newer type (Fig. 20B) could be found; in- 
complete bundle block was more frequent (21 cases) than complete (5 cases). 
This wide and notched QRS was found only twice below the age of 30 and then 
with moderate cardiac enlargement. This fact with its appearance in the later 
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record of Case 28 (Fig. 18B) also indicates, as Routier et a/. (1940) maintain, 
the progressive effect of the lesion on the myocardium accompanied by enlarge- 
ment: the bundle block appearance is not part of the congenital lesion but a 
sequel of it. It was nearly always accompanied by an inversion of the T wave 
in lead II or III, or in both, though in nine cases such inversion of T was 
present with normal ventricular complexes (Fig. 19A). It is related to right 
ventricular stress (Barnes & Whitten, 1929; Brumlik, 1937) and is another 
feature of the second record in Fig. 18B. 


V. CARDIAC ENLARGEMENT AND FAILURE 


The onset of failure was never before the third decade of life, except in 
Cases 2 and 4 where it appeared at 7 and 28 years and was due to complicating 
broncho-pneumonia and bacterial endocarditis respectively. In our clinical 
series, failure appeared in two between 30 and 40, and in four between 50 and 60. 

The failure is typically right-sided. After a period of dyspnoea on exertion 
for 10-20 years, often surprisingly slight, the liver enlarges and sometimes 
pulsates from tricuspid incompetence. Cyanosis begins to appear on slight 
effort. This stage may last for a few years before oedema and ascites supervene. 

Pulmonary congestion and hydrothorax are rare, as always in pure right- 
sided failure (see Radiological Features), and are referable to associated auricular 
fibrillation rather than to the defect itself (Cases 7, 8,9, 34,and 51). Pulmonary 
infarction may be a terminal event; but if pulmonary infarction occurs early, 
it depends upon pulmonary arteriosclerosis, as it did in cases 37 and 42, both 
with hemoptysis at the age of 22 and 26, and in the two necropsy Cases | and 5. 

The mechanism of right-sided heart failure in atrial septal defect is explained 
by the pressure difference in the two atria. The higher pressure in the left 
atrium which normally causes the closure of the foramen ovale is responsible 
for the shunt from left to right. The increased blood volume passing through 
the right cavities and the pulmonary arteries is the cause of their enlargement, 
and conversely of the smallness of the aorta and the left ventricle. When after 
decades of adaptation to the increased circulatory load the right ventricle fails, 
the raised pressure in the right auricle gives rise to the known signs of right 
ventricular failure and reverses the flow and produces cyanosis (cyanose 
tardive). It would be logical to suppose that the precocity of failure should 
depend upon the blood volume passing through the defect, according to the 
dimension of the defect and to the degree of left auricular pressure. But it is 
difficult to establish a strict relation between the dimension of the defect and the 
size of the heart chambers (see under Pathology); on the other hand, the 
increased left auricular pressure from co-existent mitral stenosis produced the 
greatest distension of the heart chambers. 

This view of the circulatory mechanism admitted since Mayne (1848), 
Rokitansky (1875), and Griffith (1906), has recently been rejected by Laubry 
and Lenégre (1939), Laubry ef al. (1939), Marchal et a/. (1939), Routier (1939), 
and Routier ard Brumlik (1940). The French authors regard A.S.D. as a 
silent symptomless lesion, a minor element in a complex congenital heart lesion 
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characterized by huge right cavities and a dilated pulmonary artery, and a 
hypoplasic aorta and left ventricle. The A.S.D. itself would not account for the 
secondary alterations leading to failure, unless it were associated with mitral 
stenosis. But the cases of Laubry and Lenégre (1939) and of Marchal ef al. 
(1939)—regarded as supporting their opinion—are admittedly examples of widely 
patent foramen ovale (not true A.S.D.), and this explains the absence of typical 
heart responses. Nor are the three cases of chronic pulmonary disease published 
by Routier and Brumlik (1940) convincing, for it is well known that fibroid lung 
may produce dilatation of the pulmonary artery and a heart very like that 
found in A.S.D. Another argument advanced by Joly (1939) and Olmer ef al. 
(1939) is based on the variety of the heart changes (if any) in A.S.D., sometimes 
enlargement of the pulmonary artery, but in other cases enlargement of the 
conus, or even a normal heart. But as shown in our series, enlargement of the 
pulmonary artery is almost a constant feature in real A.S.D., as it was in all the 
series yet published (Rokitansky, 1875; Roesler, 1934; McGinn & White, 
1933). This would not exclude the possibility that the conus may enlarge more 
than the pulmonary artery as in Roesler’s case (1934), or that in exceptional 
cases a huge conus and a normal pulmonary artery may be found (our Case 9). 
Even in simple mitral stenosis, it is sometimes the conus and sometimes the 
pulmonary artery that enlarges the more. The different behaviour of the 
pulmonary artery in these circumstances is not only referable to the mechanical 
effect created by the lesion, but to a congenital hypoplasia of the vessel wall 
which is fairly common (Clarke, Coombs, Hadfield, & Todd, 1929; Costa, 
1929: Brenner, 1935). In the second case of Olmer et a/. (1939), in which 
A.S.D. was found in a woman aged 27 who died of intercurrent disease with a 
heart that was otherwise normal at necropsy, no measurements of the defect 
are given and the accompanying figure suggests that it was very small. 

Against these later views are many facts to show it is the A.S.D. that 
produces the pathological alterations and eventually the heart failure: 

(1) Since A.S.D. gives somewhat similar anatomical alterations whether 
alone or combined with mitral stenosis, the complicating mitral stenosis cannot 
be the only and sufficient cause of such alterations. 

(2) A normal aorta with a large pulmonary artery, found in 4 of our 10 
necropsies, is against a congenital inequality of the two vessels. The hypo- 
plasia of the aorta in the 6 remaining necropsy cases is ascribed to the 
diminished blood volume reaching the left ventricle: a similar aortic hypoplasia 
is seen when mitral stenosis develops in early life. An unequal division of the 
bulbus arteriosus, as described by Assmann (1928) and Oppenheimer (1933), 
and as applied by the French authors, does occasionally produce a pathological 
and radiological picture similar to that of A.S.D. (see Differential Diagnosis). 

(3) Freedom from symptoms and good capacity for exertion up to the 
twenties or thirties indicates late and progressive enlargement resulting from 
the A.S.D. 

(4) That dilatation of the right ventricle is a sequential progression and not 
part of the congenital lesion is suggested by the changes in the electro- 
cardiogram already described. 
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VI. DIAGNOsis 

The diagnosis of atrial septal defect rests mainly on its radiological features. 
The great, even aneurysmal, dilatation of the pulmonary artery with its grossly 
dilated and often pulsating right branch, standing out against a clear lung field, 
strikes the eye definitively in the anterior view. The heart is enlarged as a 
whole and especially to the left. The enlarged pulmonary artery is well seen 
in the right (I) oblique view, but the visualized cesophagus shows no particular 
enlargement of the left auricle. 

The clinical signs are of limited value and are essentially those of enlargement 
of the right ventricle and dilatation of the pulmonary artery without obvious 
cause. Thus the apex beat is forcible and displaced to the /eft, but the blood 
pressure is normal or low. The signs of dilatation of the pulmonary artery 
may be unobtrusive, or may be those of aneurysm such as palpable pulsation, 
systolic thrill, and diastolic shock. A systolic murmur (sometimes also a 
diastolic) and an accentuated second sound are usually heard at the pulmonary 
area. Cyanosis from birth is exceptional, and it is absent or slight unless 
terminal heart failure is present; clubbing is uncommon. Widespread pul- 
monary congestion is noticeably absent, and there is greater capacity for 
exertion than would be expected from the clinical and even more from the 
radiological pointers. 

The electrocardiogram may help, for right axis deviation with normal 
rhythm is the rule, with QRS often notched and widened and approximating 
to the right bundle block type, yet with T inverted independently in leads 
Il and Ill. Large P waves and a prolonged P-R interval are not infrequent. 

A.S.D. associated with mitral stenosis produces a very similar combination 
of signs, but in addition there is the auscultatory monomark of mitral stenosis, 
and auricular fibrillation is common. The left auricle is not enlarged; or if it 
is, then not disproportionately to the general enlargement. Great prominence 
of the right auricle is of major importance in the diagnosis of this combination. 
In brief, the radiological aspects of A.S.D. with or without mitral stenosis are 
similar, though the former may perhaps show more enlargement to the right 
(R.A.) and the clinical and electrocardiographic findings of mitral stenosis. 

Differential diagnosis is concerned with any heart condition, acquired or 
congenital, in which great enlargement of the pulmonary artery and its 
branches is found. This applies to mitral stenosis, patent ductus arteriosus, 
pulmonary or conus stenosis with normal ventricular septum, ventricular septal 
defect alone or with dextroposed aorta (Eisenmenger’s disease), pulmonary 
heart disease, pulmonary artery disease, and primary dilatation of the pulmonary 
artery with right ventricular hypertrophy (pulmonary hypertension). In at- 
tempting differential diagnosis it should always be remembered that A.S.D. is 
often combined with other congenital lesions. 

(a) Mitral stenosis. Fair capacity for exertion in mitral stenosis with an 
enlarged heart is unusual, and, of course, auricular fibrillation is common. By 
X-rays, the heart presents a straight left border because the conus as well as 
the pulmonary artery are both projecting. The left auricle invariably enlarges 
and displaces the barium-filled cesophagus in the right oblique view. The lung 
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fields are clouded and merge with the hila because there is general pulmonary 
congestion. Difficulties can arise if in mitral stenosis there is an exceptionally 
large pulmonary artery—perhaps with relative pulmonary incompetence 
(Graham Steell)—but then the enlarged left auricle and the diffuse pulmonary 
congestion will exclude A.S.D., whether with or without mitral stenosis. 

(6b) Patent ductus arteriosus. Only when the typical murmur is absent and 
the pulmonary artery and branches are unusually large will confusion arise. 
Cyanosis is absent in both lesions and a pulmonary diastolic murmur is 
occasionally heard in both. A normal or almost normal electrocardiogram 
favours patent ductus arteriosus (Drawe ef al., 1937) and the cardiac enlarge- 
ment is expected to be slighter than in A.S.D. 

(c) In both pulmonary or conus (right ventricle) stenosis with a normal 
ventricular septum the pulmonary second sound is absent and the branches of 
the pulmonary artery are not enlarged though the stem of the pulmonary 
artery may be distended. 

(d) In isolated ventricular septal defect (Roger’s disease), gross enlargement 
of the pulmonary artery is most exceptional, and in Eisenmenger’s disease the 
dextroposition of the aorta may be distinctive. 

(e) In pulmonary heart disease the enlargement of the pulmonary artery 
(and the conus) seldom reaches the degree so common in 4A.S.D., and the 
causal emphysema, chronic bronchitis, or fibroid lung is obvious from the 
history and the signs. 

(f) Pulmonary artery disease is far from common; it may be a primary 
atheroma or more likely syphilis of the trunk and main branches. There is 
also the obliterative endarteritis of the finer branches alone or as part of a 
chronic lung disease. The diagnosis can be very difficult, yet the long history 
of pulmonary symptoms and the cyanosis or the positive Wassermann reaction 
may decide it. 

(g) Most difficult of all to distinguish from A.S.D. are the cases of primary 
dilatation of the pulmonary artery and its branches, without much pathological 
alteration excepting right ventricular hypertrophy. This group has been 
attributed to unequal division of the common trunk (Assmann, 1928), idiopathic 
dilatation of the pulmonary artery (Oppenheimer, 1933), congenital dispro- 
portion between aorta and pulmonary artery (Routier & Brumlik, 1940), 
pulmonary hypertension (Lian, 1940; East, 1940; Armstrong, 1940), and to 
idiopathic right ventricular hypertrophy (De Navasquez, Forbes, & Holling, 
1940). Lian (1940) published 21 clinical cases that he believed were of this 
nature, but they were a mixed group and no necropsy evidence is afforded; in 
fact necropsies on this condition are rarely though increasingly reported. 
(Oppenheimer, 2 cases; East, 3 cases; De Navasquez et al., 3 cases). It must 
be admitted that the whole picture in advanced cases is identical and differential 
diagnosis during life may be impossible. But A.S.D. is so common and 
“ pulmonary hypertension” so rare, that pathological statistics (probability) 
should weight in any doubtful case of gross enlargement of the pulmonary 
artery and its branches. 
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SUMMARY 


(1) A patent foramen ovale (patent to probe or even to pencil), found in 20-30 
per cent of all necropsies, is an anatomical variation of a normal condition; it is 
clinically silent except that when distended by increased right auricular pressure 
(“ widely patent ’’) it can give rise to terminal cyanosis and paradoxical em- 
bolism. In contrast, atrial septal defect (A.S.D.) is a real congenital mal- 
formation due to a defective union or malformation of the three embryonic 
septa forming the definitive atrial septum. It occurs (a) as a single lesion and 
constitutes 7-25 per cent of all congenital heart lesions; (b) as an associated 
lesion with any other congenital heart lesion; (c) combined with mitral stenosis, 
and then probably with auricular fibrillation. 

(2) A diagnosis of A.S.D. was made in 53 patients, 10 with necropsy 
control and 43 without. An association with mitral stenosis was present in 
4 of the necropsy cases—one had also adhesive pericarditis—and in 4 of the 
clinical cases, and with patent ductus arteriosus and ventricular septum defect 
in | necropsy case. The lesion may be found at any age and the prevalence 
of females was striking (4:1). The age of death was mostly between 30 and 50. 
The cause of death was congestive heart failure in three, pulmonary infarction 
in two, embolism (one paradoxical) in two, subacute bacterial endocarditis in 
one, broncho-pneumonia in one, and operation in one. 

(3) The pathological findings in the 10 necropsy cases were: 

(a) A large heart consisting mainly of right ventricle, conus, and right 
auricle, with a disproportion between right and left cavities of about 3:1 in 
bulk, or even more in cases of associated mitral stenosis. 

(6b) Gross dilatation of the pulmonary artery and its branches, except in 
one case where there was a big conus with a normal pulmonary artery. Severe 
arteriosclerosis (with thrombosis of the pulmonary artery and branches) was 
found only once, and in lesser degree three times; the remainder showed 
simple thickening only. 

(c) The atrial septum was almost absent in one; the defect involved the lower 
part of the septum and there was an imperfect formation of the tricuspid valve 
(persistent ostium primum) in another; and its site was the enlarged fossa ovalis 
or the upper part of the septum in the remainder. The dimension of the defect 
varied from | by 0-8 cm. to 7 by 4cm. There was no strict relation between 
the dimension of the defect and the degree of pathological adjustment. 

(4) Auditory signs in A.S.D. are lacking, for the lesion itself produces no 
murmur. Any murmurs heard are due to dilatation of the right ventricle and 
the conus, and relative stenosis of the less distensible pulmonary ring. A systolic 
murmur in the pulmonary area was found in 32 and was accompanied by a 
systolic thrill in 13 cases. An accentuated pulmonary second sound in 31, was 
followed by a diastolic murmur in 10: no murmurs were recorded in 8 cases. A 
forcible and displaced apex-beat without other cause and due to the large right 
ventricle proved to be a most suggestive sign (32 cases). Common clinical 
features in our 53 cases were fair capacity for exertion even with an enlarged 
heart and signs of failure (27 cases), slight cyanosis on effort or late cyanosis 
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(31 cases). Underdevelopment, though occasionally seen (8 cases), was far 
less frequent than in other published statistics. 

(5) The radiological features in 51 cases indicated its paramount importance 
in diagnosis. General enlargement was present in 40, chiefly to the left in 30. 
The prominence of the left border proved to be due, however, to the enlarged 
right ventricle (see left oblique view) which displaced the left ventricle back- 
wards. Great projection of the right auricle points to coexisting mitral stenosis. 
The bulging of the pulmonary stem and conus with the enlarged, dense right 
hilum shadow (right branch of the pulmonary artery) gives the heart its striking 
appearance in the anterior view. Excessive pulsation of the hilum was noticed 
in 31 instances; but a real * hilar dance” could be seen in only 5, and then 
there was not always pulmonary incompetence. Lack of pulsation with 
increased density was diagnostic of local thrombosis in one necropsy case. 
The aorta was small or invisible in about half the cases. In the right (1) oblique 
view the enlargement of the pulmonary stem and conus became even more 
evident, and a pulmonary impression on the esophagus was observed in 18 of 
our cases. In the left (II) oblique view, the enlarged left pulmonary branch 
obscured the aortic window and the right ventricle was unduly convex. 
Negative radiological signs of importance were the absence of the left auricular 
curve in the right oblique view, and the absence of lung congestion. In the 
six cases where the left auricular curve was prominent it was proportionate to the 
general cardiac enlargement. Pulmonary congestion was found in only three cases 
having severe failure, and hydrothorax in only two—both in terminal conditions. 

(6) The electrocardiogram often helped in diagnosis. Normal rhythm was 
the rule (in 47), and when auricular fibrillation was present it was not due to the 
lesion itself but either to rheumatism (mitral stenosis) or to age changes. Right 
axis deviation was very frequent (in 41), if we include partial right bundle branch 
block (26); complete right bundle branch block of the older or newer type 
was found in 5. Ty, and Ts were inverted, independently of the bundle branch 
block character of the ventricular complex (in 9). A prolonged P-R interval 
of 020 second or over, and large or bifid P waves were not infrequent. 

(7) Failure appeared usually between the ages of 30 and 50, and was 
typically right ventricular. Late cyanosis and liver enlargement were its main 
features; dyspnoea was moderate and pulmonary congestion was rare unless in 
the terminal stage when cedema and ascites might supervene. Pulmonary 
infarction early in the course was rare and then based upon pulmonary arterio- 
sclerosis. Subacute bacterial endocarditis as a complication was exceptional 
(one necropsy case). The mechanism of failure is explained by the increased 
blood volume that the right ventricle has to propel, for the left atrium with 
its higher pressure partly diverts through the defect blood from the left cavities. 
We cannot accept the hypothesis recently advanced by French authors that the 
disproportion between right and left cavities and between pulmonary artery and 
aorta respectively is due to a congenital malformation unless A.S.D. is associated 
with mitral stenosis. The similarity of the pathological findings in A.S.D. 
with or without mitral stenosis, the progressive dilatation of the right ventricle, 
and the often normal aorta make us reject this view. 
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(8) Differential diagnosis is concerned with all congenital or acquired heart 
conditions in which there is a dilatation of the pulmonary artery and its branches, 
and these are enumerated. Pulmonary artery disease and primary dilatation 
of the pulmonary artery with right ventricular hypertrophy, so-called pulmonary 
hypertension, can produce a similar radiological and pathological picture. 
But these are exceptional conditions, while atrial septal defect is a far more 
likely cause of gross dilatation of the pulmonary artery and its branches. 


We wish to thank Dr. Doris Baker, Dr. Izod Bennett, Dr. F. G. Chandler, Professor R. V. 
Christie, Dr. Horace Evans, Dr. K. H. Tallerman, Dr. Cecil Wall, and Professor K. D. Wilkin- 
son (Case 2), for their kindness in allowing us to use cases under their care. Dr. William Evans 
kindly gave us his complete records on Case 4. The necropsy report on Case 8 is given by 
courtesy of Professor H. M. Turnbull and Dr. W. W. Woods of the Pathological Institute of 
the London Hospital, and that of Case 10 by Dr. T. Skene Keith of the National Heart 
Hospital. Dr. John Grimshaw has been good enough to help us with the text. 
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APPENDIX OF CASE NOTES 


The following abbreviations have been used: 


A.B. = apex beat. R.V. 

BP. blood pressure. or ? right or left ventricle. 
PA. pulmonary artery. Lv 

R.A. ) W.R. Wassermann reaction. 
or . right or left auricle. a.a.l. anterior axillary line. 
L.A. 1.0.p. left oblique position. 

R.A.D. right axis deviation. r.0.p. right oblique position. 


Case 1.—H. H., male, aged 44. 

History.—Served in Navy 1910-1919, always fit; worked as driver until 1933. 
Never blue as a child; blueness first noticed about 1919, later worse and associated 
with dyspnoea on effort. Occasional hemoptysis, accompanied by severe pain in right 
side of chest in 1929 and 1937. 

Examination (January 1938).—Intense cyanosis, with clubbing; great dyspnoea. 
Pulse 80, regular. B.P. 110/85. Heart; A.B. fifth left space, a.a.l. Expansile and 
forcible pulsation in second and third left space near sternum with diastolic shock. 
Pulmonary second sound very loud, followed by a low pitched diastolic murmur 
along left sternal border to apex (murmur heard by D.E.B. in 1933 and interpreted as 
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pulmonary incompetence). Lungs: crepitations at both bases. Liver: slightly 
enlarged. Blood count: red cells, 6:5 m.; hem. 140 per cent. Circulatory time 
(decholin) varied from 15 to 20 sec. 

Radioscopy.—Heart moderately enlarged to left. Aneurysmal dilatation of pul- 
monary arc and right P.A. with scarcely any visible pulsation (Fig. 9). Deep P.A. 
impression on cesophagus, L.A. normal (r.o.p., barium in cesophagus). R.V. pro- 
minent, intensely pulsating (I.o.p.). 

Electrocardiogram (Fig. 19A).—Normal rhythm; R.A.D.; P-R_ prolonged 
(0-22 sec.); large P,; T, and T, inverted. 

Course.—Worked until May, 1938, as lift attendant, when sudden severe pain in 
left side of chest, and cough with pink frothy expectoration. Re-admitted as acute 
pulmonary cedema; signs of consolidation in left lower lobe. Died four days later. 
The clinical diagnosis was auricular septum defect with pulmonary incompetence and 
aneurysmal dilatation of pulmonary artery and branches with old and terminal 
pulmonary thrombosis. 

Necropsy (May, 1938).—On opening the pericardium, P.A. enormously dilated; 
diameter of trunk 5-5 cm.; that of the aorta, 2-5 cm. at base. Most of left heart 
contour formed by R.V. The right and left branches of the P.A. greatly dilated 
(3-5 cm. in diameter), and walls hardened and thickened. Right and left pulmonary 
branches largely filled with laminated and organized also recent clots; two-thirds of 
the lumen of the right branch, half the lumen of the left branch obliterated (Fig. 2). 

On opening the heart, R.V. much dilated and hypertrophied, its wall being 1-3 to 
1-7 cm. thick. The septal cusp of the tricuspid valve imperfect and rudimentary. 
R.A. dilated. 

Foramen ovale closed, but admits a probe. Fossa ovalis, 2 cm. in diameter, bulges 
into L.A. Below (1-5 cm.) the lower border of the fossa ovalis is an oval aperture of 
2 by 3-5 cm. The upper border of this aperture is formed by a double fold of the 
septum, the lower border being formed by the tricuspid and mitral valves. 

Considerable atheroma and patchy calcification of P.A. and main branches. 
Pulmonary cusps normal, but valve incompetent from dilatation of artery. L.V., 
L.A., mitral and aortic valves are normal. 

Final Diagnosis.—Defect of interauricular septum (lower part), hypertrophy and 
dilatation of R.V., aneurysmal dilatation of P.A. and main branches with organized 
thrombus of branches. Terminal bronchopneumonia. 


Case 2.—H. J., female, aged 7 years. 

History.—Attacks of cyanosis and dyspnoea on exercise. Lately troubled with 
cough, fever, and sweating. 

Examination.—Cyanosis and dyspnoea on the slightest exertion. Wasting and 
weakness. Heart; A.B. visible in sixth left space, a.a.l.; forcible. Palpable thrill 
over whole precordial area. Loud rumbling murmur throughout the whole cardiac 
cycle, maximum sixth space beyond nipple line, but heard over entire chest. Lungs: 
crepitations and rhonchi, general signs of consolidation over left chest. Liver enlarged. 

Radioscopy (Fig. 8). Greatly enlarged heart joining in its lower half the left chest 
wall. Pulmonary arc and conus very prominent, right pulmonary branch enlarged. 
Aortic knob invisible. 

Electrocardiogram.—Rate 125, normal rhythm; R.A.D. 

Course.—Died a week after admission. The clinical diagnosis was pericarditis 
and congenital heart disease. 

Necropsy.—Pericardium contains small amount of clear fluid. Heart enlarged to 
left chest wall. R.A. and R.V. form two thirds of heart volume. Large patent 
foramen ovale (Fig. 3). P.A. three times normal size. Small aorta. (Edema and 
congestion of lungs. Bronchopneumonia. Liver congested. 


Case 3.—N. K., female, aged 44. Married, 3 children. 

History —Growing pains, but not acute rheumatism or chorea. At 39 told she 
had valvular heart disease; then no complaints. Two years sternal pain across 
upper part of chest towards both axillz, at any time and sometimes lasting hours. 
During such attacks, sense of suffocation and temporary loss of voice. 

Examination (June 1933).—Rather nervous, breathless woman. Thyroid gland 
not enlarged. Slight if any cyanosis; no clubbing. Pulse 90-100, regular. B.P. 
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125/85. Heart; A.B. sixth left space, a.a.l.; forcible. Sounds, I and II all areas. 
Doubtful diastolic murmur at apex. Pulmonary second sound heard. Lungs, 
normal. Liver enlarged; no cedema. W.R. negative. 

Radioscopy.—Heart moderately enlarged as a whole; left border displaced more 
than right. Pulmonary arc very large and prominent, excessive pulsation. Right 
P.A. very large; moderate pulsation. L.A. not enlarged (r.o.p.; barium in ceso- 
phagus). Aortic knob small, scarcely visible (Figs. 6, 11, and 13). 

Electrocardiogram.—Normal rhythm; R.A.D. with high voltage. P-—R prolonged 
(0:22 sec.); T, upright, T, and T, inverted. 

Course.—Slowly progressive cardiac failure during 1934-35. Orthopneea, swelling 
of liver, edema. Cyanosis only during the last months of life. 

Necropsy (April 1935); heart only examined. On opening chest, heart greatly 
enlarged to right and left; anterior surface formed by R.V. and R.A. P.A. and 
conus much enlarged; P.A. 4:5 cm. across at its base, the aorta 3 cm. (Fig. 1). 

On opening heart, R.V. enormously dilated and its walls hypertrophied, dilatation 
involving the main cavity and the conus. Tricuspid orifice widened and incompetent. 
R.A. enlarged and about three times the size of L.A. 

In the upper part of the atrial septum above the fossa ovalis, is a circular aperture, 
1-5 cm. in diameter. The pulmonary trunk is enormously dilated and its wall 
thickened, and so are the two main branches. The right P.A. is 3-5 cm. in diameter, 
the left 2-7 cm. The aorta is of small calibre and measures (beyond the left subclavian) 
2 cm. in diameter. . 


Case 4.—K. O., female, aged 28. Married, no children. 

History.—No acute rheumatism or chorea. Always said to have a “* weak heart ”’; 
easily short of breath, and unable to play games. For three months, cough with 
irregular pyrexia. Admitted to hospital. 

Examination (July 1936).—No cyanosis or clubbing. Dyspnoea; cedema of lower 
limbs. Pulse 110, regular. B.P. 120/70. Heart; A.B. sixth left space, a.a.l. 
Cardiac pulsation to right of sternum. No thrill. Systolic murmur over mitral area 
becoming loud and rough over pulmonary area. Second sound scarcely audible. 
Lungs, crepitations both bases. Liver, slightly enlarged; ascites. Spleen easily felt. 

Radioscopy.—Heart moderately enlarged as a whole. Pulmonary arc and conus 
prominent, pulmonary branches enlarged and intensely pulsating. R.A. very 
prominent, left cardiac border displaced. Lungs congested. 

Electrocardiogram.—Normal rhythm; low voltage curve; R.A.D. 

Course.—Continued irregular pyrexia up to 101°. No petechiz, no clubbing. 
Repeated blood cultures always sterile. Progressive diminution of hemoglobin and 
red cells. Albumin and blood in the urine. Blood urea reached 154, congestive 
heart failure progressively increased, serous effusions developed, and patient died in 
October 1936. 

Necropsy.—Heart weight 540 g. Great dilatation and conspicuous hypertrophy of 
R.V., 1 cm. thick; normal L.V. P.A. dilated and thickened, circumference of 
pulmonary ring 8-5 cm., of aortic ring 5-5 cm. In L.A., extensive confluent vegeta- 
tions, just contiguous but not involving mitral valve, extending far up its wall. Large 
interauricular septal defect at the site of the foramen ovale, measuring 3-5 by 2-5 cm. 
Great dilatation of R.A. and of the tricuspid ring. Kidneys very small, bright-red 
spots on surface; cortex mottled on section. Spleen enlarged, two small infarcts. 
(Edema of lungs; effusion in serous cavities; anasarca. 

Final Diagnosis.—Subacute bacterial endocarditis. Atrial septal defect. 

Case 5.—E. P., female, aged 35. Married, one child. 

History—No acute rheumatism. After childbirth, aged 26, first medically 
examined and was told she had a “ bad heart.”” No cyanosis in childhood. Six 
years, effort dyspneea; two years cyanosis, palpitation and increasing dyspnoea. 

Examination (September 1936).—Obvious cyanosis, no clubbing. Pulse 100, 
regular. B.P. 100/75. Heart; A.B. in mid-axillary line. No murmurs. Pulmonary 
second sound accentuated and duplicated. Palpable systolic impulse without thrill 
over pulmonary area. No signs of failure. 

Radioscopy.—Heart greatly enlarged, left border reaches left chest wall; sabot- 
shaped. R.A. prominent. Aneurysmal dilatation of pulmonary are. Right branch 
of pulmonary artery enlarged, unduly pulsating. Small aorta. 

F 
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Electrocardiogram.—Normal rhythm; R.A.D. with high voltage. P-R_ full 
(0:2 sec.); large P waves in leads II and III; QRS 0:12 sec.; T. and T,; sharply 
inverted. 

Course.—Sudden pain developed in left chest, worse on deep breathing. Rigor. 
Deep cyanosis, severe dyspnoea, pleural friction at left base. Pulmonary infarction 
was diagnosed, condition became worse, and she died October 1936. 

Necropsy.—Heart greatly enlarged and in contact with left chest wall. Whole 
anterior surface formed by R.A. and R.V. with its conus. L.V. invisible from the 
front. R.A. dilated and hypertrophied. L.A. only slightly dilated. L.V. of normal 
size. P.A. huge and its branches greatly dilated and contain ante-mortem clots. 
Thrombus in bifurcation of left pulmonary branch. Pulmonary infarcts in left upper 
and right lower lobes. Large circular defect in auricular septum measuring 5 cm.; 
no other congenital lesion. 


Case 6*.—L. T., female, aged 37. Single. 


History.—Congenital heart lesion recognized since early childhood. Lifelong 
dyspneea and cyanosis. Increasing dyspnoea, with oedema of legs for three months. 

Examination.—Cyanosis and orthopneea; some clubbing. Neck veins distended. 
Pulse regular. B.P. 130/110. Heart; precordial bulge. A.B., fifth left space, mid- 
axillary line. Systolic and diastolic thrill with expansile pulsation, at second and 
third left spaces near sternum. Systolic murmur in mitral area; loud pulmonary 
systolic murmur, accentuated second sound, and rough diastolic murmur at third left 
space close to the sternum. Lungs, basalcrepitations. Liver,enlarged. W.R. negative. 

Radioscopy.—Greatly enlarged heart; left border displaced, R.A. prominent. 
Aneurysmal dilatation of pulmonary arc. Right branch enlarged and pulsatile. 
L.A. normal (r.o.p., barium in cesophagus). 

Electrocardiogram.—Normal rhythm, R.A.D., ventricular extrasystoles. 

Course.—Improvement with rest and digitalis. Four weeks later, sudden death 
from cerebral embolism. 

Necropsy.—Heart greatly enlarged, chiefly R.V. and R.A. Aneurysmal dilatation 
of P.A., enlargement of its main branches, thickening of the wall, slight atheroma. 
Pulmonary orifice dilated, incompetent. Right P.A. larger than descending aorta. 
Relatively small aorta; beyond left subclavian aortic narrowing just admitting finger 
tip. Ductus arteriosus patent at aortic end, and of conical configuration with a narrow 
slit at its pulmonary end. The atrial septum contains three apertures, one large and 
two small. The large is oval, 3 cm. by 2 cm., situated at the upper and posterior 
part of the septum, just in front of the superior vena cava orifice. The two smaller 
apertures are below the larger one. The interventricular septum is imperfect at its 
base having a 2 cm. wide defect opening into the right ventricle just below tricuspid 
valve, and into the L.V. immediately below the aortic orifice. Aorta communicates 
with both ventricles. Tricuspid orifice dilated, cusps thickened, calcified deposit 
between two cusps. L.A. normal. L.V. slightly enlarged and hypertrophied. R.V. 
much hypertrophied and dilated. 

Final Diagnosis.—Defect of atrial septum (persistent ostium secundum); aneurysmal 
dilatation of pulmonary artery with incompetence of pulmonary valves; defect of 
ventricular septum; great enlargement of right heart chambers; minimal patency of 
ductus arteriosus; slight coarctation of aorta. 





Case 7.—D. E., female, aged 43. Married, no children. 


History.—As a child rheumatic fever; aged 12 and 16, chorea. Aged 27, in hospital 
with mitral stenosis and heart failure, and again aged 39 when heart was fibrillating. 
Aged 41, cerebral embolism. The day of admission, sudden severe pain and cramp 
in left leg. 

Examination (June 1937).—Severe dyspneea. Jugular veins distended. Goitre, 
tremor, sweating, slight exophthalmos. Pulse; apical rate 180, auricular fibrillation. 
B.P. 160/100. Left leg and foot pale and cold; no arterial pulsation. Heart; A.B. 
in a.a.l. Systolic thrill at pulmonary area. Systolic shock over P.A. and conus. 
Rumbling diastolic murmur at apex. Liver, enlarged. 

* The pathological specimen of Case 6, which is in the Heart Hospital Museum, was 
presented to us by Dr. H. Joules (Joules, 1934) with typical radiographs, and he has kindly 
approved our redescribing it. 
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Radioscopy.—Moderate general enlargement of the heart particularly to left. 
Prominent pulmonary arc, large right P.A. Aortic knob invisible. Moderate 
prominence of L.A. (r.o.p., barium in esophagus). R.V. prominent, aortic window 
closed by enlarged left P.A. (left oblique). 

Electrocardiogram.—Auricular fibrillation. Slight R.A.D.; T, inverted. 

Course.—Improved with rest and digitalis. 

August, 1937.—Sudden severe pain in right arm. Tenderness over axillary 
artery, no pulse felt. Right arm cold from shoulder, hand and forearm powerless, all 
sensation lost. Heart condition then became worse, with lung congestion and sacral 
cedema. Because of the persisting pain and danger of gangrene, amputation at- 
tempted, but she died during operation. 

Necropsy (August 1937).—Heart weight 570 g.; moderately enlarged as a whole. 
Pulmonary trunk and main intrapulmonary branches much dilated and their walls 
thickened. R.V. hypertrophied and dilated. R.A. moderately dilated, contains 
ante-mortem clot adherent to the wall. In the upper part of the foramen ovale there 
is an oval aperture of about | cm. by 0-8 cm. Mitral valve thickened, producing 
button-hole slit admitting tip of index finger. L.A. moderately enlarged. Aortic, 
pulmonary and tricuspid valves normal. Infarct at the base of the lower lobe of the 
left lung with ante-mortem thrombus blocking one main division of the pulmonary 
branch. 


Case 8.—H. F., female, aged 45. 

History —No acute rheumatism. Twenty years, shortness of breath on exertion. 
Four years, swelling of abdomen and ankles. Eighteen months ago pneumonia, worse 
since thén. 

Examination (October 1937).—Severe orthopneea. Cyanosis, clubbing. Gross 
cedema of lower limbs. Pulse; apical rate 110, auricular fibrillation. B.P. 110/70. 
Heart; A.B. fifth left space, 1 in. beyond mid-clavicular line. Systolic thrill and 
harsh systolic murmur at mitral area. Pulmonary second accentuated. Lungs, 
crepitations both bases. Liver, enlarged. 

Radioscopy.—Patient too ill for this. 

Electrocardiogram.—Auricular fibrillation. Low voltage; QRS slurred and 
notched in all leads. 

Course.—Slowly progressive cardiac failure with venous congestion and anasarca. 
Died January 1938. 

Necropsy.—Foramen ovale widely patent (7 by 4cm.). Fenestrated flap of fibrous 
tissue (4 by 2 cm. and 0-05 cm. thick) arising from posterior margin of foramen and 
continued as a strand of fibrous tissue (0-1 cm. thick) to centre of anterior margin of 
foramen. Conspicuous fibrotic thickening, slight shortening and partial fusion of 
cusps of mitral valve; stenosis (2 by 1 cm.) of mitral orifice; fibrous thickening, 
shortening and focal fusion of chordz tendinee of mitral, excepting those of left side 
of anterior cusp. Slight fibrous thickening without shortening of inferior half of 
anterior cusp of tricuspid; dilatation of tricuspid ring (16 cm. circumf.). Con- 
siderable dilatation but no hypertrophy of almost spherical L.A. (about 9 cm. diam.); 
slight opaque white thickening of endocardium. Slight dilatation (12 cm. circumf.), 
no gross hypertrophy, but slight hypertrophy of muscle fibres of L.V. Great dilatation 
(up to 22 cm. circumf.), gross hypertrophy (up to 0-6 cm. thick) and hypertropthy of 
muscle fibres of R.V. Focal fibrosis of myocardium of both ventricles and slight 
fibrotic thickening of pericardium. Great dilatation (anterior surface 16 cm. long, 
12 cm. across), no gross hypertrophy, but great hypertrophy of scanty muscle fibres 
of R.A.; severe fibrosis of myocardium; slight opaque white elastic hyperplasia of 
endocardium, fibrous and elastic thickening of pericardium. Clear yellow pericardial 
effusion (3 oz.). Great dilatation of P.A. (10 cm. circumf. just above valves) and of 
all its branches within lungs (up to 4-6 cm. circumf.). A few fatty flecks of atheroma 
in hypertrophied intima of P.A. Less dilatation of branches of pulmonary veins. 
Slightly purulent mucous exudate in trachea and bronchi. Congestion, slight indura- 
tion, slight intra-alveolar hemorrhage and hemosiderosis and slight cedema of lungs. 
Collapse of lower anterior half and lower posterior angle of left lower lobe. Con- 
siderable bronchopneumonia in left lower lobe. Clear yellow pleural effusions (16 oz. 
right, 4 oz. left). Clear yellow peritoneal effusion (3 0z.). Pitting oedema of feet, 
legs, thighs, and lumbar region. 

F* 
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Final Diagnosis—Bronchopneumonia. Chronic heart failure. Mitral stenosis. 
Chronic rheumatic endocarditis. Atrial septal defect at site of fossa ovalis. (Lutem- 
bacher’s syndrome.) 


Case 9.—E. G., male, aged 33. 

History.—No acute rheumatism or chorea. Blue since birth. Attended school, 
but played no games. Light work since leaving school. Frequent epistaxis; other- 
wise well until aged 23, when twice admitted to hospital for dyspnceea. Hzmoptysis 
few days before second admission. 

Examination (November 1936).—Undersized; kyphosis. Deep cyanosis with 
clubbing. Pulse, 100, auricular fibrillation. B.P. 105/95. Heart; bulging of the 
chest wall to left of sternum. A.B., sixth left space, a.a.l. Rumbling diastolic murmur 
at apex. Harsh systolic murmur at pulmonary area. Lungs; bilateral basal crepita- 
tions. Liver; enlarged, pulsating. Blood count; hemoglobin 160 per cent, red 
cells 6-9 million. 

Radioscopy.—Huge heart extending to left chest wall. Enlargement and hyper- 
trophy of R.V., R.A., and L.A. P.A. invisible. Small aorta. Right hilus hidden 
behind dilated R.A. (Fig. 16). 

Electrocardiogram.—Auricular fibrillation. Right bundle branch block. 

Course.—Admission to hospital in 1937, 1938,and 1939, for progressively increasing 
heart failure with deep cyanosis, orthopneea, large pulsating liver, and general cedema. 
Died November 1939. 

Necropsy.—Huge heart, weight 930 g. Enormous R.V. and conus forming a large 
square-shaped sac. R.A. also grossly enlarged. Aorta small. P.A. normal. L.V. 
invisible from front (Fig. 4). 

On opening the heart the R.V. forms an enormous cavity separated from the huge 
conus by a very thick muscular band. Wall of R.V. little if at all thickened. Tri- 
cuspid orifice dilated (8 to 9 cm. in diameter). R.A. very large, cavity takes whole 
fist. 

In the atrial septum in the position of the foramen ovale is a large, obliquely- 
placed aperture, 2 by 3 cm. in diameter and admitting the tips of two fingers. 
Left auricular cavity little if at all enlarged. Mitral valve rigid, calcareous, cusps 
fused and stenosed, orifice admits the tip of one finger. L.V. normal; its wall much 
thicker than that of the R.V. 


Case 10.—R. S., female, aged 33. Married, two children. 

History.—Alleged rheumatism 7 years ago, not previously. Admitted to hospital 
as “ cardiac failure, amenorrheea (? pregnancy).” 

Examination (January 1938).—High colour, but no cyanosis. Pulse 130, regular, 
small volume. (Edema of ankles. Heart; A.B., sixth left space, greatly 
enlarged. Systolic murmur and faint diastolic murmur in mitral area. Lungs, basal 
crepitations. Liver, enlarged with ascites. 

Radioscopy.—Patient too ill for this. 

Electrocardiogram.—Auricular flutter (2:1); at times fibrillation. 

Course.—The diagnosis was mitral stenosis, auricular fibrillation, congestive heart 
failure. Operation for hysterotomy and sterilization. Died during the operation 
(February 1938). 

Necropsy.—Viewed externally, great enlargement of the heart affecting mainly 
R.A. and R.V., the latter forming the entire apex and most of the left border. P.A. 
greatly dilated, 4-5 cm. in diameter; aorta small, 2-3 cm. in diameter. On opening 
the heart, R.V. much dilated with little if any hypertrophy. Great dilatation of R.A. 
and of tricuspid orifice which admits four fingers. There is a large oval defect in the 
atrial septum, 5 cm. by 3-5 cm. in diameter, its long axis being vertical. A rudi- 
mentary atrial septum surrounds the aperture except at its upper margin; anteriorly 
and below is a firm ridge 1 cm. wide, and posteriorly a thin membrane 0-5 cm. 
wide. The L.A. about half the size of the right; the L.V. not enlarged. Mitral 
orifice stenosed and of the button-hole type; the cusps thickened and the chorde 
thickened and shortened. Descending aorta small, 1-3 cm. in diameter; right P.A. 
large, 2:7 cm. in diameter (Fig. 5). 
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Significant changes in the four lead electrocardiogram occur in two-thirds 
of all cases with angina of effort. This investigation shows that anoxemia or 
exercise causes a temporary abnormal change in the electrocardiogram and 
reduces the number of those with effort angina but with no electrocardiographic 
abnormality to about 18 per cent. 

Details of the Anoxemia Test.—The subject reclines on a couch and a four 
lead electrocardiogram is taken, using chest leads IV R and IVF. A close- 
fitting mask, having inlet and outlet valves and tubes, is strapped to the face. 10 
per cent oxygen is inhaled from a rubber bag for three to five minutes. In some 
of the earlier experiments we used 12 per cent oxygen for ten or fifteen minutes, 
but it was found that 12 per cent oxygen did not produce anoxemia sufficiently 
quickly. 

After inhalation for two and a half minutes the tracing was taken with the 
inhalation continuing; it usually needed two minutes to take, and it was an 
advantage to have two operators, one to take the tracing and one to regulate 
the oxygen apparatus and change the leads. 100 per cent oxygen was then 
given for a minute and the mask removed; fifteen to twenty minutes later 
another tracing was taken. 

The Exercise Test.—The subject walked rapidly up and down a long passage 
and, in many cases, a short flight of stairs was included. After five or ten 
minutes of this exercise, a tracing was taken. Usually in the anginal cases 
the exercise was continued until chest pain occurred. Very much more severe 
exercise was given to the control cases. 


RESULTS 


Control Group.—Ten controls consisted of seven normal, healthy medical 
students, two cases of well-compensated valvular disease, and one case of left 
mammary pain without organic heart disease. They showed no RS-T changes 
or T wave inversion. A diphasic T; developed in one and the voltage of the 
T waves was reduced in five. The details were as follows: 
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Diagnosis | Anoxemia Test Exercise Test 

Left mammary pain .. ay .. | No change | T; flatter 

Mitral stenosis 4 ea .. | Ts lower voltage | No change 

Aortic incompetence “A .. | No change | No change 

Normal a ap me .. | No change | No change 

Normal ie B 4 be .. | T waves lower voltage | T waves higher voltage 
Normal yi de, - .. | No change | No change 

Normal i \e i .. | No change | No change 

Normal “3 - re .. | T waves lower voltage No change 

Normal - ae Bsp .. | T waves lower voltage T waves lower voltage 
Normal a we rs .. | T, diphasic No change 





Angina of Effort Group.—Twenty cases of angina of effort, in whom the 
four lead cardiogram showed no significant change, were tested. Six gave 
abnormal S—-T and T wave responses to the anoxemia test. Eighteen of these 
were also given the exercise test, and abnormal S—T or T wave changes occurred 
in eight. 

One case gave changes following anoxemia and none after exercise. Three 
cases gave none after anoxemia and S-T and T wave changes after exercise. 
In those cases giving changes both after anoxemia and exercise, three showed 
more marked changes after anoxemia and five after exercise. Illustrations are 
shown in Figs. 1-3. 





A B Cc D E 


Fic. 1.—(A) Resting electrocardiogram, with Q; doubtful. (B) After anoxemia; T, inverted, 
RS-T, depressed and diphasic. (C) Recovery 20 minutes later. (D) After exercise, 
T, and T, diphasic, RS-T, and RS-T, a little depressed. (E) Recovery 20 minutes 
later. 
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(B) After anoxemia; T, and T; diphasic, RS-T, 


Fic. 2.—(A) Resting electrocardiogram. 
(D) After exercise. (Note change after anoxemia, 


depressed 1-5 mm. (C) Recovery. 
but very little after exercise.) 























A B c D E 
Fic. 3.—(A) Resting electrocardiogram, left axis deviation, T,; inverted. (B) After exercise, 
i (C) Two months later, resting electrocardio- 
(E) After 20 


RS-T, depressed and T, inverted. I 
gram shows depressed RS-T, and diphasic T,. (D) After anoxemia. — : 
minutes’ rest. (Note change after exercise test and some deterioration in the resting 


tracing two months later; but very little change after anoxemia.) 
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To sum up: eleven cases gave no change after anoxemia or exercise; nine 
showed some change after anoxemia or exercise. 

The T wave changes were, with one exception, associated with RS-T 
elevation or depression. Changes in the chest lead occur in a more exaggerated 
fashion than in the other leads. The details were as follows: 


ANGINA OF EFFORT 











Case No. Anoxemia Test | Exercise Test 
| No change | No change 
2 | T, flatter No change 
3 No change | No change 
4 S-T, depressed, less than | mm. | No change 
5 T and R lower voltage Not done 
6 | No change No change 
7 | No change Not done 
8 T waves lower voltage ; No change 
9 | No change | No change 
10 | No change No change 
11 No change No change 
12 S-T, & S—T, depressed 2 mm. T., Ts, & T, diphasic 
13 S-T, depressed, T, diphasic | S-T, depressed 1 mm. 
S-T, depressed 4 mm., T, diphasic | T, & T, diphasic 
14 | T, diphasic T, diphasic. (Died suddenly later) 
15 RS-T, depressed 4 mm. RS-T,, RS-T,, & RS-T, depressed, 
T, diphasic, T, diphasic 
16 RS-T, & RS-T, depressed 1-5 | RS-T, depressed 0-5 mm. 
mm., T, diphasic 
17 RS-T, depressed 4 mm. RS-T,, RS-T,., & RS—T, depressed 
| 2mm. T, inverted 
18 No change T, & T, diphasic 
19 No change Q, & Q; enlarged 
S-T, elevated, S-T, depressed 
20 RS-T, & RS-T; depressed 0:5 mm. | T, & T; diphasic, slight depression 


RS-T, & RS-T; 





DISCUSSION 


In discussing the diagnostic value of the anoxemia test, it must first be 
stated that changes in the T wave and the S-—T level occur in normal persons 
if anoxemia is continued to an extreme degree and long enough. This has 
been well shown by many observers. Greene and Gilbert (1921), using 6 per 
cent oxygen, caused collapse, following which there was R-T depression with 
diphasic and negative T waves, and later, in some cases, an abnormal rhythm. 
Katz, Hamburger, and Schutz (1933) also found diminution of the T waves, with 
at times inversion, and also S-T depression in normals and in anginal cases. 
Rothschild and Kissin (1933) took electrocardiograms after induced progressive 
anoxemia in 38 persons: 11 developed deviation of the S-T segment; 8 of these 
suffered from angina pectoris, 3 did not. May (1939) found flattening of the T 
wave and occasionally a depression of the S-T segment in normals. Stearn, 
Drinker, and Shaughnessy (1938) described the cardiographic changes in 22 
cases following asphyxia from carbon monoxide poisoning; the tracings were 
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unfortunately taken only after some treatment with oxygen and carbon dioxide, 
but 18 showed abnormality of the T wave and in the level of the S-T segment. 

The important fact to be gained from these results is that the anoxemia was 
of an extreme degree and very much more severe than that made use of in the 
test described in this paper. Also most of these other workers obtained 
anoxemia by re-breathing, so that it was associated with a progressive carbon 
dioxide accumulation. 

No significant changes of S-T level occurred in our series of controls when 
10 or 12 per cent oxygen was inhaled for three to five minutes. Scott and 
Mullins (1940) caused anoxemia in cats before and after ligation of the left 
branch of the left anterior descending coronary artery; changes occurred 
following anoxemia only after the artery had been ligated. Larsen (1938), 
using 9 per cent oxygen, found that the T wave may be lowered but never 
inverted, and that the S-T segment was not lowered more than 1 mm. in 20 
normals. Levy, Bruenn, and Russell (1939) found in 66 normals using 10 per 
cent oxygen that the RS-T segment was not displaced more than | mm., that 
the T wave tends to decrease in amplitude, that in 2 of the 66 T wave reversal 
occurred without RS-T deviation, and that partial or complete reversal of T in 
leads II or III was observed in 22 of 66 supposedly normal persons. These 
authors put as their criteria of an abnormal response the following changes: 
(1) Change in level of the RS-T junction of more than | mm. in any lead, its 
importance being increased if combined with partial or complete reversal in 
direction of T in leads I or 1V F; (2) partial or complete reversal of T in lead I 
associated with RS-T displacement as small as 0-5 mm. in this lead; (3) complete 
reversal of T in lead IV F; or (4) partial reversal of T in IV F associated with 
RS-T displacement. These seem to be the criteria accepted by most authors 
as an abnormal response to moderate anoxemia. Larsen (1938) notes that these 
changes are not pathognomonic of coronary disease, for they may also occur in 
patients with rheumatic heart lesions, certain endocrine disorders, and severe 
anemia. 

In comparing the criteria of an abnormal response following anoxemia with 
that following the exercise test, Schott (1939) takes as an abnormal response to 
the exercise test depression of the RS-T segment of more than | mm., inversion 
of a positive T wave, gross deformation of the S-T interval, and diphasic T 
waves. Paddu (1938) found only slight change in normals after exercise ; 
especially RS-T depression of about | mm. Other recent papers on anoxemia 
and the anginal symptoms are those of Rothschild and Kissin (1933), and of 
Levy, Barach, and Bruenn (1938). Riseman, Waller, and Brown (1940) cast 
considerable doubt on the diagnostic value of the anoxemia and exercise tests 
—without, in the authors’ view, very good reasons for their opinion. 


Comparison of Anoxemia and Exercise Tests 
The exercise test appears to give significant changes as often and probably 
more often than the anoxemia test, and is much more easily done, as no special 
apparatus apart from the electrocardiograph is needed. On the other hand, the 
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anoxemia test may show an abnormal change when the exercise test is negative. 
Also a certain number of patients cannot be persuaded to exercise strenuously. 

The response to exercise and anoxemia in normals and in coronary cases is 
similar in each test, with this exception: that in normals after the exercise test 
the T wave tends to be increased in voltage, while after inhalation of 10 per cent 
oxygen the T wave tends to be reduced in voltage. The increase in voltage 
after exercise is due, according to Scherf and Boyd (1940), to an increased 
sympathetic tone. It had been hoped that these tests would give changes 
conforming to the T, or T; type of coronary curve, so that it would be possible 
to say which part of the heart was diseased, but only in a few instances did the 
response give a characteristic localizing change. 


SUMMARY 


One-third of all cases with angina of effort show no changes in the four lead 
electrocardiogram. 

Nearly half this group with no cardiographic abnormality give changes 
suggestive of myocardial disease following anoxemia with 10 per cent oxygen 
for three to five minutes or after an exercise test. 

The abnormal and normal response to anoxemia and exercise are described 
and discussed. 

The exercise test gives an abnormal response slightly more often than the 
10 per cent anoxemia test, but changes may occur after anoxemia when none 
follow after exercise. 


This investigation was carried out in the Cardiographic department of St. Bartholomew’s 
Hospital and more recently at the Royal Chest Hospital, City Road. One of the authors 
received a grant from the Medical Research Council. 
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